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(U) Renewed interest in thermal analysis has stimulated develop-
ment of new computer-compatible techniques for data analysis and

reduction. Application of these techniques is intended for use in the
determination of chemical kinetic parameters of rocket motor and
warhead liners, propellants, and explosives in an effort to increase the
safety of handling this hardware.

(U) The numerical methods for data reduction in the field of
thermal analysis have had to be updated due to new instrumentation and
increasing computer technology. Chemical kinetics subroutines have been
developed for isothermal and nonisothermal differential scanning calorim.

etry and for differential thermal analysis by digitizing analog outputs.
Mathematic interpretation of thermodynamic data is accomplished with

application of the Gibbs-Helmholtz equation.,
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INTRODUCTION

The determination of physical properties of liners, explosives,
and propellants is important for the characterization of cook-off
behavior, aging processes, and the mathematic modelling of the thermal
responses of warheads and rocket motors.

The development of test hardware, data acquisition, and numerical
methods for data reduction and analysis is of considerable importance.
Thermal analysis techniques such as Differential Scanning Calorimetry
(DSC), Thermogravimetric Analysis (TGA), and Differential Thermal
Analysis (DTA) have traditionally been used to determine the thermal
characteristics and decomposition kinetics of reactive substances.

As compared with other analytical techniques, thermal analysis
has until recently received little attention in chemical research.
This is primarily due to instrument insensitivity and the laborious
task of manua''y reducing data. More sensitive techniques, usually
spectroscopic in nature, were opted for in the determination of chemi-
cal kinetics.

There has recently been a resurgence of interest in thermal
analysis due to the increased safety awareness of both the industrial
and military sectors. This is due to the development of new materials
for use in energy development, and for extraterrestrial and military
applications.

Considerable activity has been generated in the area of the
application of known numerical techniques to thermal analysis. This
has been made possible with the development of new thermal analysis
techniques, the availability of microprocessor-controlled analysis
instrumentation, and the development of small computer technology for
the acquisition and reduction of large quantities of data.

As a part of an ongoing process of upgrading the Naval Weapons
Center's analytical capabilities, the Explosives Formulation -Branch
has written computer software to acquire and analyze data from labora-
tory instruments. These programs include routines to input digital
data from interfaced digitizers and various numerical analysis and
graphics subroutines to reduce, display, and analyze the data.

Chemical kinetics subroutines have been developed for nonisother-
mal DSC, isothermal DSC, and for TGA. This has been accomplished
through the digitization of the analog outputs of the laboratory
instrumentation which is achieved by interfacing with a Fluke 7600A
scanning digital multimeter or Fluke 8520A digital multimeter. Trans-
fer to the Hewlett-Packard 9845T computer is achieved via the IEEE-488
interface bus either by direct computer command or by use of service

3
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request interrupts. The rate of data acquisition is programmed via
command string to the microprocessor control units of the digital t
multimeters.

THEORETICAL BACKGROUND

Mathematical interpretation of thermodynamic data is accomplished
through the application of the Gibbs-Helmholtz equation, usually
stated as:

a ac/T W A
3 (l/T)

where G is the Gibbs free energy, H is the enthalpy, and T the abso-
lute temperature. Kinetic data may be determined from the relation-
ship AG° = -RT 1n K(T), K(T) being the equilibrium constant at temper-
ature T. For a reaction such as A 4 B, the equilibrium constant may be
written K(T) = k2(T)/k 2*(T) where k2 (T) is the rate of the forward
reaction and k2*(T) is the rate of the reverse reaction.

Arrhenius first gave the expression for these rate constants as:

k2(T) - Z - ezp(-*/RT)

where Z is an experimentally determined rate constant with the dimen-
sions mole/sec and E* is the activation energy. The form of this
equation was taken as a logical extension of the Gibbs-Helmholtz
equation and is used presently in experimental determinations. Cur-
rent interpretation of E* is that of an energy barrier or depth of a
potential well, and the factor exp(-E*/RT) is the probability per
unit time that a molecule will penetrate the barrier.

From the Gibbs-Helmholtz equation, the temperature dependence of
the equilibrium constant is given as:

T.(T 1 ) L

Unfortunately, when dealing with highly energetic materials, the
chemical reactions are irreversible. The temperatures and pressures
are not uniform and, in fact, have severe* gradients throughout the
material, presenting a problem in nonequilibrium thermodynamics. When
dealing with small samples, temperature and pressure gradients are
usually assumed to be negligible and a rate equation may be written
for the reaction. For the reactioai B + Products:

late - d- k(T) • f(l)

4
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where X is the fraction of B that has reacted and f(X) is some func-
tion which depends upon the mechanism by which the reaction takes
place.

For simple liquid and gaseous reactions, f(X) takes the form
(I-X)n, where n is referred to as the reaction order, n is usually 2
or less. A set of coupled reactions will yield fractional n's while
reactions which occur in the solid state via diffusion or nucleation
mechanisms take on complex algebraic forms with n usually less than I.

When looking at energetic materials, n=1 works quite well in the
higher temperature ranges where B-+ Products is an accurate representa-
tion of the reactions taking place. However, at lower temperatures,
nucleation reactions are present. They are dependent upon the surface
free energy of the material which is affected by such factors as
physical state, impurities, and method of preparation. Thus, a study
of reaction rates at higher temperatures may give a somewhat limited
view of the manner in which a material might behave.

For nonhomogeneous materials such as propellants, reaction rates
are diffusion controlled and highly pressure-dependent. For materials
of current interest, f(X) will stand for (1-X) for simple reactions
and X(l-X) for the autocatalytic reactions which occur in many explo-
sives.

For materials which melt with decomposition, complex kinetics
occur in the initial stages of the decomposition reaction. Behavior
beyond the exotherm maximum is usually more typical of the first order
reaction, B (liquid) Products. The first stages of the decomposition

process frequently draw the most interest in the thermal stability
studies. Investigation of this behavior will give a more complete
description of how a particular substance reacts.

ANALYTICAL TECHNIQUES

GENERAL

Ordinate data points are obtained by digitizing millivolt output
from the instrumentation with the sensitivity of the instruments
selectable by the operator. The analog output of the DSC represents
energy absorption (endotherm) or release (exotherm) in units of milli-
calories per second. The TGA output represents milligrams.

Abscissa data points are obtained as time from the Real Time
Clock interfaced to the HP 9845T computer. Temperature is obtained as
the product of time and heating rate. Extremely accurate temperature

5
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tracking has been achieved in the case of the DSC, while less favor-
able results have been obtained from the TGA. This is due to the
heating rates deviating from programed values. The problem has been
eliminated by manually entering data into a separate computer program
after the TGA run is complete.

Data points (Xj, Y1 ) are curve-fitted using a precise continuous
cubic polynominal, or cubic spline, algorithm. Ordinate values are
represented as:

y, M.1 Xk

where the coefficient matrix H is determined by demanding continuity
of the polynominal and its first derivative at each data point.

Use of this algorithm allows facile differentiation and integra-
tion of the data curves and is relatively insensitive to noise in the
instrumental output.

NONISOTHERHAL DSC

Graphics output of a DSC run of RDX Type II Class 5 is shown in
Figure 1. Figure 2 is the data after a linear baseline correction has
been made.

For a nonisothermal DSC run, the ordinant displacement dH/dt is
given as:

D(t) - Al • rate - 6U - AN . k(t)(1 - X)" (1)
dt

where AH is the total enthalpy change for the reaction, represented as
the area A, under the displacement - temperature curve. Thus dX/dt
= I/A • dH/dT. If this equation is integrated, the result is X
= AHx(T)/A where AHx is the heat released due to the fraction X react-
ing. This is represented by the area a(T), under the peak up until
the temperature in question. Thus X(T) = a(T)/A may be determined
graphically or by a numerical integration technique as is done by the
computer program which has been developed (Figure 3).

Borchardt and Daniels1 have shown that the rate constant may be
expressed as:

k(T)- A 11 1Adt-

lHans J. Brochardt and Farrington Daniels. "The Application of
Differential Thermal Analysis to the Study of Reaction Kinetics,"
Journal of the American Chemical Society, Vol. 79, No. 4, July 1956,
p. 41.

6
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Comparing the rate constants at two temperatures gives:

k(T) (dE/dt)(T2) rA-a(?z),,k(TI. (M/.dt.) (TI * rA--T2j
Since dH/dT is the ordinate deflection D(T), and X = a(T)/A, this
relation may be rewritten:

k(T2 ) D(T2) 1l - (%)]"

---kT,) DTI) j1 - x(T2)J

Assuming only one chemical reaction takes place, k(T) may be written:

k(T) - Z exp(-*/RT)

and thus:

exp(-E*/RT 2) 2)*
Zp ~ E f T *4 [ ( ; M-) D (T 2) [ ( 2

and:

rI _L] fI(T 2)1 r1 - X(TI)1
-E Iin D(-1+ nR inlu XT)mT2 T1 -1 1(-)

Thus the activation energy may be calculated from ordinate dis-
placement and partial areas. In fact, for closely spaced data points,
the last term approaches zero.2

The frequency factor Z, and thus the rate constant may be calcu-
lated using partial areas and known values. With 4 as the heating
rate:

dX(r) 9 dX(r) a Z • __-Z*_R()] [I a r)dr dT "A

In the computer implementation of this method, E* is calcul ted
from a linear least squares (linear regression) algorithm which fits
the curve of ln D versus I/T (Figure 4).

2 Jen Chiu. "Dynamic Differential Calorimetric Technique for

Measuring Heat of Polymerization," in Proceedings of the Second
Symposium on Analytical Calorimetry, ed. by Roger S. Porter, New York
Plenum, 1970, p. 171-183.

7
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Figure 5 shows a plot of the reaction rate versus fraction decom-
posed. Ideally, the plot should provide some idea of the algebraic
form of the rate equation, with a straight line indicating a first
order reaction. For an autocatalytic reaction, a straight line would
result from plotting rate versus X(I-X). In the case of solids, there
are several processes occurring simultaneously and a clear and precise
interpretation of this plot would be difficult to achieve. In a homo-
geneous liquid, such as is present to the right of the exotherm maxi-
mum in the case of RDX, a portion may be represented by
RDX (Liquid)4 Products:

late - k(T)(1 - X) (2)

and appears as a virtually linear portion of the curve. This portion
may be selected for determination of kinetics for the first order
reaction of Equation 2.

Kissinger3 has devised a method based upon variable heating rates
to determine the activation energy. This method is independent of
reaction order and should give an accurate value for E* assuming that
only one chemical reaction is taking place at a time. The basic
equation is given as:

d(la *1Tm)/d(llT) - -*/IR

where Tm is the temperature at which the maximum exotherm or endotherm
occurs. A plot of ln */Tm versus I/Tm from several runs will have
slope -E*/R.

ISOTHERMAL DSC

The software developed for nonisothermal DSC has been modified to
allow for the treatment of the isothermal case.

Because the temperature is constant in an isothermal DSC, the
equation:

d a(t2) - a(t1 )

dt t 2 -t 1  A • (t2 - tj) k(T) f(x) (3)

-0.0

may be solved directly for k(T).

3Homer E. Kissinger. "Reaction Kinetics in Differential Thermal
Analysis," Analytical Chemistry, Vol. 29, June 1957, p. 1702.

8
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For closely spaced data points, dX/dt is reasonably approximated
as Aa/At-A. A plot of Aa/A/At versus a/A will indicate he nature of
f(X), and k is calculated directly by linear regression analysis for
the linear portion of this curve when first order kinetics are
observed. One could plot rate versus different algebraic forms of

f(X) to see if a straight line results. Again, f(X) would be expected
to take the form (I-X) or X(I-X) for explosives.t Figures 6 to 9 are
graphic output examples of this program and Tables 1 and 2 provide
examples of numeric outputs.

The activation energy is calculated by plotting the values of
k(T) obtained at several temperatures versus I/T. The slope of this
plot is E*/R.

Previous isothermal kinetic determinations have used the portion
of data to the right of the exothermic peak. By integrating Equation
3, a plot of fraction unreacted versus time should have the form:

1 - x - xp [-k(T) • t (4)

for a first order reaction (Figure I0).4

From Equation 1, the ordinate displacement D(t) is given as
AH • k(T) • (1-x). For a first order reaction:

D(t) - A• - AS k (1 - z)

Substituting Equation 4 for (1-x) gives:

D(t) - AN * k(T) e .xpl-k(T) - t

or ln(D(t)] - ln[Al k(T)l - k(T) - t

tJamey and Rodgers. Los Alamos Scientific Laboratory, Private
Communication.

4Ray N. Rogers. "Differential Scanning Calorimetric Determination

of Kinetics Constants of Systems That Melt With Decomposition," Thermo-
chemica ACTA, Vol. 3, 1972, p. 437-447.

9
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Thus a plot of In D versus time should have slope k(T) for a
first order reaction.5 Figure 11 shown the plot of In D versus time
for RDX Class 5. The linear portion of this curve was used for deter-
mination of first order kinetics for RDX(1)4 Products.

From the form of Equation 1, it is seen that In D = n ln(l-a)
+ constants, so a plot of In D versus ln(l-a) should yield the reac-
tion order n. Figure 12 represents this plot. Calculation of the
slope in the region from which kinetic data were calculated gives a
value of 1.05, which agrees with the assumption of a first order reac-
tion.

Both the partial area technique and the old technique of plotting
in D versus t give essentially the same answer in the region chosen.
The partial area technique is more dynamic in that the fraction of
material reacted can be calculated at any point. Thus, if some reac-
tion mechanism is hypothesized, it may be verified with actual experi-
mental numbers.

THERNOGRAVIMETRIC ANALYSIS

While the DSC data are useful for describing the thermodynamics
of a system, TGA is necessary for correlating weight loss with tem-
perature. For reactions of the type solid 4 gas, TGA my be used for
kinetic determinations. The fraction X, given as X = N-m/N, M
= original mass, and the reaction rate dx/dt may be taken directly
from the TGA data.

Numerical analysis for TGA data is the same as that for noniso-
thermal DSC. Because the temperature rise rate in the TGA instrument
is nonlinear, temperature must be calculated after the run is com-
pleted. Temperature/mass data are then manually entered into the
computer. Temperature is accurately determined by entering millivolt
values from strip chart output and converting to temperature values
using a standard National Bureau of Standards interpolating polyno-
mial. Data for RDX Class 5 is shown in Table 3 and is plotted in
Figures 13 through 15.

This program was developed primarily to investigate the decom-
position of rocket motor liners where time, temperature, and mass
values are important. If only mass and temperature are needed, the
software is easily modified to allow entry of approximately ten times
the number of data points. The acquisition of computer compatible
thermogravimetric equipment will also allow acquisition of more data
points when all three reference points are required.

5Ray N. Rogers. "Simplified Determination of Rate Constants by
Scanning Calorimetry", Analytical Chemistry, Vol. 44, December 1971,
p. 1336.

10
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CONCLUSIONS

The acquisition and analysis of large amounts. of data with a
digital computer has opened a new field in the area of thermal anal-
ysis. Plotting and numerical analysis software allow the data to be
reduced in a fraction of the time previously needed and permit use of
a larger number of data points.

In addition, fast integrating algorithms allow use of partial
area techniques which will prove to be very influential in future
analytical procedures.

The successful application of these computer techniques in the
determination of isothermal kinetics should prove extremely useful in
determining the cook-off hazards from aging studies and understanding
cook-off behavior.

A. II
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TABIK 1. Computer Printout of Data Used to Determine
Kinetic Parameters. (The section of the data that

is used f or the calculations Is operator selec-
table.)

RDA C )Is~ S 18l dog--bnin 2 iacal'sec 2.32 mg
octocor 2, 1981
Kineti~cs determinatioQn

Toom -K) I1-T Area Fract. LH(ordinate) Relati;ve Roleq fPt

479 2.09E-03 0.804 .01 1.30E-03 5

480 2.OSE-93 6.005 .681 1.39E-03 6

481 2.99E-03 0.006 .126 1.36E-03 7

482 2.AG1-03 G.007 .283 1.57E-03 0

482 2.07E-03 0.008 .415 1.S&E-03 9

46 2.07E-03 8.018 .515 2.82E-03 1s

484 2.87E-03 8.811 .646 2.24E-03 11

481. 2.06E-03 6.813 .734 2.49E-63 12

485 2.86E-03 015 .839 2.71E-03 .13

.48. 2.06E-03 0.017 .923 2.97E-03 14

487 2.851-03 0.029 1.029 3.27E-03 15

48" 2.05E-03 8.0222 1.117 3.60E-03 16

488 2.05E-03 0.025 1.203 3.91E-03 17

489 2.051-03 8.828 1.279 4.24E-93 10

490 2.041-63 8.832 1.372 4.591-83 19

4SO 2.04E-03 0.035 1.461 5.03E-83 20

491 2.84E-03 0.039 1.55? S.SOE-03 21

49L 2.03E-03 0.844 1.647 6.04E-03 22

493 2.03E-03 0.049 1.745 6.61E-03 23

493 2.83E-63 8.854 1,840 7.28E-03 24

494 2.02E-03 8.868 1.922 7.95E-03 25

495 2.82E-03 6.866 2.681 8.681-83 26

496 2.029-03 0.073 2.086 9.31E-03 27

496 2.01E-03 8.080 2.161 1.81E-02 20

497 2.61E-03 868 2.242 1.09E-02 29

490 2.81E-03 8.997 2.318 1.18E-02 38

49;i 2.61E-03 6.186 2.395 1.271-02 31

49?? 2.961-63 0.116 Z.481 1.38E-62 32

580 2.0E-03 0.127 2.549 1.49E-02 33

501 2.081-83 8.139 2.624 1.601-02 34

501 1.991-03 6.152 2.693 1.72E-02 35

562 i.991-83 0.165 2.754 1.83E-02 36

503 1.991-63 e.179 2.814 1.95E-02 3?

504 1.991-83 6.194 2.674 2.07E-62 30

564 1.961-03 0.218 2.932 2.19E-02 39

509 i.981-03 0.227 2.986 2.32E-02 46

M0; 1.961-03 0.245 3.039 2.441-62 41

587 1.971-03 0.264 3.692 2.581-02 42

507 1.971-63 0.294 3.142 2.711-92 43

se0 1.971-63 0.365 3.10 2.65E-62 44

509 1.979-03 0.327 3.223 2.97E-02 45

16* 1.969-03 0.349 3.269 3.001-02 46

510 i.961-03 0.373 3.312 3.23E-02 47

511 1.961-63 0.390 3.347 3.361-02 46

512 1.M5-83 0.423 3.372 3.46E-02 49

512 i.951-03 0.449 3.360 3.53E-02 5i

513 1.95E-03 0.475 3.307 3.56E-62 M1

S54 1.95E-03 0.501 31397 3.56E-02 52

515 1.941-03 0.527 3.405 3.661-02 5)

515 1.94E-03 8.554 3.391 3.61E-02 54

516 1.94E-03 6.580 3.349 3.561-62 55

5111 1.94E-03 0.606 3.374 3.531-02 56
516 1.931-03 0.631 3.356 3.471-02 57

510 l.M31-3 6.656 3.332 3.401-02 so

SIO ,1103 .660 3.296 3.34t-02 5
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TABLE 1. (Contd.)

526 1.921-3 .704 3.61 3.18E-02 6!
526 1921-63 0. 726 3: 20 3.07E-62 El
521 1.921-03 6.746 3.173 2.93E-02 62
522 1.92E-63 0.768 3.130 2.86E-02 63
523 1.91E-03 0.780 3.093 2.68E-62 64
523 1.91E-03 0.06 3.034 2.56E-02 65
524 1.91E-03 0.824 :.992 2.44E-62 66
525 1.911-63 0.841 4:952 2.34E-62 67
526 1.91E-e3 0.858 2.921 2.26E-2 60
526 1. 9E-63 a.874 2.999 2.20e-02 69
527 1.90E-63 0.890 .88! 2.16E-02 76
528 1.89E-63 0.906 2.875 2.14E-02 71
529 1.89E-03 0.921 2.817 2.12E-62 72
529 1.89E-93 0.93f 2.43 2.09E-02 73

536 1.9E-03 0.95 1 2. 03 2.62E-62 74
531 1.8E-03 0.965 2.673 1.071-62 75
531 1.881-03 0.976 2 .37 1.531-02 76
532 1.8E-63 0.904 1.920 1.05E-e2 77
533 1.8E-63 0.909 1.443 6.47E-63 78
534 1.97-63 0.992 .990 4.07E-93 79
534 1.87E-03 0.994 .515 2.59E-03 80
535 1.87E-03 0.995 .052 1.60E-63 81
536 1.87E-03 0.996 .681 1.18E-63 82
537 1.86E-03 0.996 .0et 1.22E-03 83
53? 1.86E-03 0.997 .ee 1.201-02 e4
539 1. 86E-03 0.996 .601 1.201-63 85
539 1.66E-63 6.999 .661 1.261-63 SE
539 1.85E-63 1.6e .061 1.26E-63 8?
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TABLE 2. Computer Printout of Data Used for Graphics

and Kinetic Par ame ter Calculations.

TIME1 AREA FRACT A APR !hCREMhENT RATE OF INCREASE Pta
95 W0 6.156 216.992 2S.067 5

104 1007 0.496 206.695 23.063 6
113 207 0.235 200.003 23.40 7
121 1398 0.272 191.549 22.124 14130 1501 0.307 192.24S 21.057 9

1 29 1754 0.341 *61.640 20.059 17
147 619 0.373 114.950 19.061 10
1 6 976 0.404 156.694 12.094 12
165 2225 0.432 102.903 17.191 13
173 2367 0.46 142.030 16.403 14
1202^24 0.46 134.619 15.572 22
191 269 0.611 127.725 14.754 16
26 3754 6.53 128.i45 13.939 17299 2a64 9.55? 114.329 13.292 to

21 3973 0.50 106.207 12.499 19
225 3575 0.596 102.?29 11.819 20
234 3172 e.616 96.7 5 11.193 21242 1264 0.634 91.999 10.614 22

291 3351 6.751 87.456 17.10 232ie 3434 0.669 83.2?7 9.617 24
268 3513 8.683 79.990 9.123 25
277 31509 0.998 75.347 9.792 26
2$6 3668 0.71t 71.371 9.269 2?
294 3728 9.7213 68.069 7.861 29
363 3793 8.737 65.031 7.512 29
312 3856 0.749 62.191 7.163 30
320 2915 0.761 59.541 6.877 31
329 3972 0.772 57.643 6.567 32
330 442? 6.783 54.703 6.329 33
346 4080 0.793 52.794 6.099 34
355 4136 0.803 50.711 5.656 35
364 4179 6.012 48.696 5.646 36
372 4227 6.822 47.532 5.491 37
381 4273 8.831 45.991 5.313 30
398 4317 0.839 44.415 5.129 39
398 4361 8.849 43.472 5.021 40
407 44U,2 6.656 42.417 4.897 41
416 444; 6.064 41.502 4.795 42
424 449:3 0.872 40.514 4.670 43
438 45:?5 6.679 39.626 4.577 44
442 454;4 0.697 36.637 4.40f 45
450 4462 6.894 39.066 4.395 46
459 4639 0.902 37.564 4.336 47
468 4676 0.909 36.961 4.269 40
476 4712 6.916 36.206 4.191 49
405 4746 0.923 35.751 4.129 50
494 4764 0.930 35.279 4.074 51
562 4616 0.937 34.?02 4.009 52
511 4652 6.943 34.209 3.951 53
520 4866 0.956 33.559 3.676 54
526 4919 0.956 32.772 3.796 55
537 4V51 0.962 31.952 3.690 56
546 4962 0.968 38.7,91 3.556 57
554 5611 6.974 29.172 3.360 50
563 5036 0.979 26.901 3.107 59
571 5061 0.964 23.672 2.734 60
500 5661 0.906 19.026 2.290 61
509 5097 0.991 16.030 1.053 62
597 511 0.993 12.410 1.457 63
606 5120 0.995 9.003 1.132 64
615 $127 0.997 7.634 0.002 65
623 5133 6.990 5.934 0.606 64
632 5133 0. 99 4.50? 0.530 47
641 5141 0.999 3.329 0.305 60
649 5143 1.000 2.106 0.243 49
50 5144 1.006 1.339 0.155 70

667 5145 1.9o 0.246 0.040 71
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TABLE 2. (Contd.)

Pto Tiftq'Sec) y Loa(y) a (1-4) LAi 109-~1-a

S 95 24.4 3.193 6.156 0.044 4.436
6 1.4 23.5 3.150 0.194 0.004 4.367
7 113 22.6 3.120 0.235 O.745 4.330
8 121 21.6 3.071 0.272 0.728 4.260
9 130 26.6 3.023 0.367 0.693 4.236
1s 139 19.6 2.973 9.341 a.159 4.18
11 147 16.6 2.922 0.373 0.627 4.130
12 156 17.6 2.968 0.404 0.596 4.088
13 165 16.0 2.822 0.432 0.568 4.039
14 173 16.6 2.771 6.460 8.540 3.909
i5 102 15.2 2.719 0.486 6.514 3.939
26 191 14.3 2. 42 8.511 0.489 3.O09
17 199 13.6 2.667 6.535 0.465 3.680
10 266 1. 2.553 0.557 0.443 3.792
19 27 1.2 2.49 5 0.422 3.743
20 225 11.5 2.441 0.5906 .402 3.6"0
21 234 16. 2.308 6.414 e.3A4 3:647
22 242 16.3 2.336 6.634 8.366 3.599
23 251 9.9 2.269 0.651 8.349 3.551
24 266 9.4 2.234 0.668 0.332 3.504
25 266 6.9 2.168 0.603 8.317 3.457
26 277 0.5 2.136 8.699 0.302 3.409
27 296 0.1 2,096 0.711 6.289 3.362
29 294 7.7 2.039 0.725 0.273 3.315

29 383 7.3 1.994 0.73? 6.263 3.268
38 312 7.0 1.950 0.749 0.251 3.221
31 32 6.7 1.906 .61 0.239 3.174
32 329 6.4 1.864 8.772 0.228 3.126
33 338 6.2 1.627 0.703 0.217 3.079
34 346 6.6 1.788 8.793 8.20? 3.830
35 355 5.7 1.74? 0.803 6.197 2.981
36 364 5.6 1.717 8.612 8.188 2.932
37 372 5.4 1.659 8.822 8.170 2.82
38 381 5.2 1.649 0.831 0.169 2.836
39 398 5.1 1.626 6.039 0.161 2.77S
40 398 5.6 1.608 6.846 6.152 2.724
41 487 4.8 1.579 0.656 0.144 2.646
42 416 4.7 1.555 6.044 0.136 2.611
43 424 4.6 1.531 0.872 0.128 2.551
44 433 4.5 1.512 8.09 8.121 2.409
45 442 4.4 1.489 0.8? 8.113 2.425
46 456 4.4 1.474 0.094 0.106 2.357
47 459 4.3 1.460 0.902 0.6 2.245
48 466 4.2 1.442 0.909 8.091 2.209
49 476 4.2 1.425 6.916 0.064 2.129
56 45 4.1 1.412 6.923 0.877 2.642
51 494 4.0 1.396 0.930 0.676 1.949
52 502 4.6 1.302 0.937 0.063 1.640
53 511 3.9 1.365 8.943 6.657 1.737
54 520 3.8 1.343 6.90 8.650 1.616
55 526 3.? 1.320 6.956 0.044 1.460
56 537 3.6 1.290 0.962 0.630 1.320
57 546 3.5 1.244 0.96 0.032 1.155
5 554 3.3 1.181 0.974 0.02f 0."S0
59 563 2.9 1.678 0.979 0.021 0.734
6o 571 2.5 8.922 0.904 0.616 6.465
61 560 2.1 0.726 0.900 0.012 0.214
62 569 1.6 0.497 0.991 0.09 -6.074
63 597 1.3 0.248 8.993 0.607 -6.303
64 666 1.0 -0.063 0.995 0.00S -0.711
65 615 .0 -0.2S3 0.997 0.063 -1.670
46 623 .6 -6.588 0.990 6.602 -1.404
47 632 .5 -0.760 6.99t 0.01 -1.970
60 641 .3 -1.215 6.99 0.001 -2.600
69 649 .2 -1.567 1.66 6.600 -3.419
70 653 .1 -2.414 1.00 0.68 -5.003
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TABLE 3. Computer Printout of Time, Temperature, Mass

Lose Data for TGA Program.

R DX Class 5 TGA 3 de*omin,
:-. "ial mis j is 21.5 9  &q. Heating -kte is 3 digiin

t $ltl ii 1#0 bg-su

,t. Prature (C, Tjnve(win) ass($) Loss DSa Pt 0

31i 0.00 21.6 0.00 1
37 2.50 21.6 0.00 2
38 5.00 21.6 0.00 3
41 7.50 21.6 0.00 4
45 10.ee 21.6 0.00 5
49 12.50 21.6 0.00 6
55 15.00 21.6 0.09 7
61 17.50 21.6 0.08 a
V 20. 21.6 0.0 9
74 22.50 21.6 0.00 IS

82 25.00 21.6 e.00 I
90 27.50 21.6 0.00 12

99 30.00 21.6 0.00 13
100 32.5a 21.6 0.00 14
117 35.00 21.6 0.00 15
126 37.50 21.6 0.0e 16
134 40.00 21.6 0.00 17
142 42.!9 21.6 0.00 18
149 45.08 21.6 0.00 19
117 47.50 21.6 0.00 20
i64 50.00 21.6 0.0 21
171 52.50 Z1.6 0.00 22
179 55.00 21.6 0.se 23
187 57.50 21.6 8.00 24
194 60.00 21.6 0.00 25
201 62.50 21.2 1.85 26
200 65.00 20.5 5.09 27
214 67.50 17.8 17.60 28
224 70.00 18.4 51.0 29
231 72.50 2.9 96.61 30
239 75.00 .4 98.19 31
246 77.50 .1 99.50 32
256 00.60 6.0 100.00 33
264 62.50 0.0 es.00 34
272 85.0e 0.0 19e.0e 35
201 97.50 0.0 16.00 36
291 96.60 6.0 168.0 3?
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APPENDIX A

Program for Acquisition and Analysis of Constant Heating Rate
Differential Scanning Calorimeter Date
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PROGRAM FOR AQ'UISITIOH AND ANALYSIS OF TNERMOGRAVIMETR!C DATA

to OPTION BASE I
20 COM T 300 ,Mass%3O0).Maass 00),Tirie(300 ',N.MO.A5S0I,BSE00I
25 CON M 30,30,nw0),nw 0,D.v30
.38 CON AmsZ09 I Coefficients for interpolating polvnomial
40 MAT READ A&' for typo S thermocouple.
45 LINPUT "ENTER RUN IDENTIFIER-,BS
50 Plot-1
60 IF Plot?1 THEN LINPUT -DO YOU WANT TO PLOT ANOTHER RUN'",Cont$
62 IF kPlot,11 AND (ContSEl,fl<>"Yw) THEN GOSUB Cotitinue
6S5 INPUT "ENTER NUMBER OF DATA POINTS",N
70 REDIM TfN),Mass(N),MassItN),Tim' N)
801 INPUT "ENTER MILLIVOLT READING FOR INDIUM MELT" ,Mp
96 INPUT 'ENTER TNERMOCOUPLE GAIN (I OR 5"',Cain
100 INPUT "ENTER INITIAL MASS",M@
195 INPUT "ENTER HEATING RATE",Nrate
110 ;NPUT "ENTER MILLIVOLT VALUE FOR INITIAL I1ASS",Mv
115 INPUT "ENTER MASS SENSITIVITY (mg~mv): I or 10 ",Stns
120 PRINTER IS 16
130 FOR 1-1 TO H
140 PRINT LIN(G)
150 PRINT USING 220;1
166 INPUT X,Y
176 X=<X-Mp)'Gsin..02 ICalculate S thermocouple output.
186 T(I)-FNSc&)(X.1000) Calculate Temperature.
190 Mass(I).M9+Sens*(Y-Mv) I Calculat.e Mass For Senhximg/mv sensitivity,.
195 Time(I).(I-1)s2.5 I Time in minutes: 5 min/inch :hart speed.
20a as(~(0MasI)t4~ 'Ptrcent M'ass Loss.
202 PRINT PAGE
205 PRINT USING 225;T(I),Mass(I),Timo(tI
210 NEXT I
220 IMAGE "ENTER MILLIVOLT READINGS FOR POINT *",DD,- (Temp.,Mass)"
225 IMAGE *Tevatrature is ",DDD," C; Mass is ",DD.DD," sq.; Time is ",DDDD
.D.' %in."
230 GOSUP Printer
Z35 LINPUT "DO YOU WANT TNE DATA STORED?",Store$
236 IF StoreSEl,II-"Y" TNEN CALLStr(()Ms<,MNB$
240 IF Plot>1 THEN GOSUB S
2413 REN4 Plot %~ Mass loss vs Temperature
250 INPUT 'ENTER PLOTTER CODE: I-CRT; 2-9872A",Plottr
260 IF PlotterlI TNEN PLOTTER IS 'GRAPNICS"
270 IF Plotter-2 THEN PLOTTER IS 7,5,-9872A'
260 GRAPNICS
290 LOCATE 15,96,20,76
295 INPUT "ENTER NIGNEST PERCENTAGE DESIRED ON PLOT",Q
306 SCALE 0,60,@,Q
310 LINPUT "ENTER PLOT LABEL-,A$
326 XnameS."TEMPERSTURE (C)"
336 Ynames-"Percent Mass Loss*
346 AXES 100,0/10,9,0
3S0 FRAME
360 MOVE T(I),Massl(t)
376 FOR 1-2 TO N !PLOT FIRST ARRAY.
366 DRAW T(I),Massl<I)
396 tEXT I
466 PENUP
410 LORG 6 * Label X Axis
420 FOR t-0 TO 600 STEP 160
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430 MOVE I,-2

440 LABEL I
450 NE:T I

460 aOPG S3 'Late) 7 ;
470 FOR I=. 1 0 TO 0 STEP O- 10
480 MOVE 0, I
4903 LABEL I
500 EXT I
310 L.OPG I I Label Plot.

520 MOVE 0, 1.02*0
530 LABEL AS
540 LOP G E,

41 MOVE 300,-.08.0
542 LAPEL Xnames
543 MOVE 25,1,2

544 LDIR PI,2

545 LAPEL V,'nameS

547 PENUP
!42 LDIR 0
55.3 PAUSE

553 IF Plottert THEN DUMF GRAPHICS
555 LNPUT WOULD YOU LIIE TO PEPEAT THIS PLT"'.Pr)
15613 I Rpt$SC1,1'I ""."" THEN4 GOTO U ,.50

565 Plot-Ptot+l
5it GOTO 60
570 - I Plot othor arra ,s
580 IF Plota2 THEN LINE TVPE 4

590 IF Plota3 THEN LINE TYPE 6
600 IF Plot=4 THEN LINE TiPE 8
61) MOVE T<(1,Massl(I)

620 FOR 1.2 TO N

630 DRAW TtJ.,Mass_(I)
640 NEXT I

650 PENUP
660 PlotPlot*I
670 GOTO 60

70, E,it: IF P)ott r-2 THEN OUTPUT 7,5;"SPOIN"
710 IF Fl.tter-2 THEN STOP

720 DUMP GRAPHICS
730 EXIT GRAPHICS
740 GCLEAR

7 END
760 Printer: PRINTER IS 0

765 PRINT PAGE
770 PRINT LIN'2)
760 PRINt Bs

785 PRINT USING 790;MO,Hrat.,Sena
790 IMAGE "Initial mass is ",DDD.DD," mg. Heating rate is ",DD," dog * ,',
"Smnsiti"ity is ", DD," mg-mv"

90 PRINT LINt2Y
9163 PRINT "Temperature eC) Timo(min) Mass(gi % Mass Loss

Vatsa Pt 8
$a20 PRINT
$'IQ FOR 1I- TO N

33 i'F MasrI '-0 THEN m-sj(I's0
3,6 IF Msssl-.I)100 THEN Mac sI'sl-10
840 PRINT USING 860;T(I',Tin.Is,MaccdbMcccl'$bI
850 NEXT I
910 IMAGE DDDD16<, DDD. DDsx, DD. DIOX, DDD. DD12X, DDD
970 PRINT PAGE
080 IjTURN

1008 DATA .927763167, 169!6.51S,-3156S 363.94.S990730633,-1.63565E:12. I.S1O7EI
-

.-1.27241E16,6. 17501EIT,-1.56105519 , .69535E20

10-i! DEF Fia,', Z)

crs POMA0:9,
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103S5 Inte~rpol atng pol.nhiial fcr convert. n.; mli ''-Olt$ to degrees
1 0?5 'or v pei S * plIat inum-1I0!;rho I um plIat Inum~ t her moc ouple .

1115 :r7URH Scal
1125 "'oEND
115F5 LB Store,"(*'.Y. ',, 10'I
11,,5 j-OPT A'N'.P' I)
1175 MA4T A-t<
1185 'AT B=Y
1195 _1NFUT "ENTER FILE NAME',Dh
1210 _:NPUT "ENTER MASS STORAGE MEDIUM ,Es
1215 :REATE DS4": '&ES,N 16.2,
1225 z3S1GN #4 TO DS&": ",E$
1235 CrINT #41Id$,Y0.N
1245 MAT PRINT 04;A,D
1255 4-SLGN #4 TO*
1265 S4JPEXIT
1275 SUDBEND
1300 :,1 Con' inue
1305 :?TION BASE I
1310 CM Tls*,ls1*,ie)NM.I
13;.0 :CM A'*,D.;An'' new(*), Der IV(*)
1325 :MPageEsO)0
13-:0 :ALLFlte(STmKMu1*N)
1340 ::INT PAGE
13503 aNPUT "DO vOU WANT TO CONTINUE WITN DATA AHALYSIS?",Y$
1360 :F Y.StI11<>YY THEN SUFEXIT
1370 :,.RUT "ENTER BEGINNING AND ENDING PCNT FOR DATA AHALYSIS-,P1,P2
1380 :h=2P,
1390 CEDIM A(Dvm) , DiDm,,DeriytkDim-lD,Ane'j(Dim-1 ,Dnew(Dim-1D
1400 FOR K-1 TO Dim
1410 A(K'.T(P1+K-1)
1420 E -,'-Ms'P I+I(-1I
1430 -. E;(T K
1440 :30P 1-1 TO Dim-I Calculate derivatives at midpoints.
1450 n.u.A1R(f2
1440 '-EXT I
1470 EpalIE-6
1480 zP1NT PAGE
1490 RPINT LIN3,
1500 Z

0
INT 3$

1510 QJINT "Subset Output"
1520 CRJHT LIN(2)
is: O :-LL Sln~mDm1A,',n~,n~.DrveOp
1540 "AiT Dori V-AStfDori v)
158 agqeS"Temperature(C'. Mass(mg) -dM-dT ln(dfl'dT)"*
1560 CRINT Pages
1570 PRINT LIH(2)
150 FOR 1-1 TO Dim-I
15-90 OPINT USING 1670; I,Anew(I),BnewCI),Deniv(I),LOG(DerivC8")
1608 IF I NOD 50<>O THEN GOTO 1660
1410 =RINT PAGE
1620 zpp R 9N B
1630 FRINT LIN'2)
1640 ;RINT Page$
1650 RPINT LJH(2)
1660 -4ENT I
1670 IMAGE DDD'XX.DDDDXXXXXX.NDD.DDDXXXX'XMD.DDEXXX(XXX,MZ.DDD
1680 :ALLP1otrfsA 3),Dm0
1690 :ALL PotrBnj#,ei()Dm11
1700 CRINT PAGE
1710 ORINT LIH'2:?
1720 -INPUT "DO YOU WANT TO CALCULATE K''ETIC PARAMETERS FROM THE DR1TA"'.,SS
1n3 :FrS 1, 13--'?" THEN CALL s inet icz(L., Anea'., niwl.* Dviriv(4),Dim,MO)

36



YWC TP 6337

1740 GOTO 1350
1750 SUBEND
1500 SUB Ploter(ASX *eY*),Nlag,
I801 INPUT 'ENTER PLOTTER CODE: I1CRT 2-9872A",Plotter
1302 IF Plotter;2 THEN PLOTTER IS 7,5,"9872A"
1803 IF FlagC2 THEN G$5"Tim@nmunuteS'"
130? IF FlIag2 THEN GS"Temperature tC)"

1606 IF Flag-O THEN HM-"Milligrams"
I807 IF Flag-I THEN HSl"Mil!igrams dog"
1888 IF Flag2 THEN HS-"Percen Mass Loss"
!810 PRINTER IS 8
1811 PRINT PAGE
1812 PRINT
I13 PRINT AS
1814 IF Flag-1 THEN PRINT "Deriative Plot"
1815 PRINT LIN(2)
I16 IF Flag-0 THEN INPUT "ENTER MAXIMUM ORDINATE VALUE (mg)",C
1817 D=O
1818 IF Flag2 THEN C-I0
1819 IF Flag-i THEN GOTO 1821
1020 LINPJT "DO YOU WANT COMPUTER CALCULATED ORDINATE TICKS?",Axisi
1821 IF Flag-I THEN Axis-"Y"
1825 A-FNMax(X(* ,H)
1830 B-FNMin(X(*\,N)
183! IF Rxis$I,1'<,"Y" THEN GOTO 1860
1840 C-FNM&x(Y(*),N)
1850 D-FNMin(Y'*).N)
1860 E-(A-B'l0
1870 F(C-D)ulO
1871 IF Plotter-I THEN PLOTTER IS "GRAPHICS"
1872 ;RAFHICS

1880 IF Plotter-I THEN LOCATE 28,90,20,90
1885 IF Plter-2 THEN LOCATE 20.90,20,65
1890 SCALE BA,D,C
1900 AXES 2*E,2*F,B,D
1910 MOVE X(1),Y(1)

1920 FOP E-I TO N
1930 DRAW X(I),Y(I)
1940 NEXT I
1950 MOVE B,D-F
1960 LORG 6 !LABEL N AXIS
1970 FOR I-B TO A STEP 2-E
19SO MOVE I,D-. iF
1990 LABEL USING "DDD";I
2000 NEXT I
Z010 MOVE B,D-F
2020 DEG
2030 LORG 8 ! LABEL Y AXIS
2040 FOR I1D 2*F TO C STEP 2*F
2050 MOVE B-.I*EI
2055 IF Flag-I THEN LABEL USING "D.DDE":I
200 IF Flag-0 THEN LABEL USING "DDD.DD";I
2065 IF FlagC THEN LABEL USING "DDD";I
207e NEXT I
2030 LORG 6
2020 MOVE B+5.E,D-.8*F
2100 LABEL GS
21 13 MOVE B..4*E,D.5*F
2115 LORG 4

2120 LDIR 90
213v LABEL HS
213: LDIR 0
213Z IF Plotter-Z THEN OUTPUT 7.5;"IN"
213: LINPUT "DO VOU WANT GRAPHICS' OUTPUT ON THERMAL PRINTER",Print$
*12I IF Print.I -""" THEh DuMP GPAPHICS
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135 :LEAR
213i I T GRAPHICS
Z139 s.FUT "DO QOU WANT T4E PLTPEPETE"R'
2144 Fp:w ,1a THEN GQTO 1901
2149 1 .SEXIT
2150 3A!END
2160 E

1.90 -::P 1-2 TO N
210 "MaF THEN Ns
2200 A- T 1
2210 ZETIJRN Max
-220 F#-END
2230 DEF FNMin(X'*),t4'
2240 -in-Xk1'
2250 %-CR 1-2 TO N
2Z60 r : XN9 THEN Min-> 11
22 70 %.E..T I
2280 ;ETURN Min
-2-290 .-ENID
2300 WIu Insqrt(3*.X(*,.Yk*,,N,
2398O EQREXIT
2400 siJZEt4D
2500 2tEV FNScul(X)

2880 SaiJdtastEPS -0)
2890 Sr addtr-0 THNh Z9"0
2920 taINT LINtZ ,EPROP IN SUPPOGRAM Spline."
2930 FOINT "Eps-:,Epa,LINC2"
2940 P-;USE
2950 G?:O 2880
'990 -O'TZON BASE 1
3088 -M S N),G(N-1),WorleN-1)
3019 ='R 1-2 TO N-1

3030 AMlinxdI-1'

3050 YiotY(1I)

3060 Yilr1
3070 riplrr. 141)
3000 -xim1
3090 HXp-V:imI
3100 Wor'I ) .5<,H

3120 T-(ipla2.T

3138 Gd)ut3.T
3140 AXEYT 1
3150 ., I'IS-s )0
3170 .- 8-4.SQR(3

3290O FO)P 1-2 TO N-1

3210 H*AD$(T)
3220 IF NflJ THEN U-N
3230 S(1)-S(I)*T
3240a *-.T 1
3250 :9 U'.Eps THEN 2^190
3260 :)p 1-1 TO N-I
3270 G ('11i$ ' '"11)'1
3289 A2E:T 1
3298 c~ NarguS THEN 3600
3330 =ft 1.1 TO Narg
3340 :crr~c'or: 1-1
33,50 T-Donamn, 11~
3360 IF T *. k THEN 3430
33"0 PPINT LIN'2 t"EIR0P IN 'Boa:.TAM line."

38



iNC TP 6337

3360 PRINT "ARGUMENT OUT OF D'uNDS."
3330 PRINT tX~l1F.;X( 1, -NN--X-N.Domain, 7;J;-=DdanJLNZ
3488O PAUSE
3430 Js1+1
3440 IF I 'N THEN 3378
3450 IF T' XdI; THEN 3430
3460 I-I-1
3470 NaDo.a ain( J-MA()
3480 T~ml()XI1
3490 

TM
-NmT

.3508 S.SsI)+N*G-I)
3510 Z-1-6
3520 UZ(I.14)S
31530 W-(Y( 1+1 )-yk I ))"'X( 1+ 1 )FXh I)),
3540 FunczJ)UW*H.YaI).X.U
3550 Den v(J)U41(N+T)U*XG. I)

3560 NEXT J
3600 IntO0
3610 FOR i-I TO N4-1

3630 Int.Int+..5eN.Q?.1.Y(I+x 2
l3k

3640 NEXT I
3650 SUDEND
3800 SUBKiecsA..,,Y).<)NMz
380Z REM NaTEMP, V-MASS, 2-dM 'dl
3804 OPTION BASE 1
3809 DIMFf)TnaX'yNm )
3814 INPUT "ENTER RESIDUE MASS 'ng)",Residue
33928 Mr-Mz-Residue Total mazs reacted.
302'4 INPUT "ENTER POINT NUMBERS FOR KINETICS PLOTS",PI,P2
3829 Datapomnts-PZ-Pl+I
3031 PEDIM Ff' Datapolnts, Tinv<(Datapoin)%,XxDatapoints),ycataonts).Doa:
&poi nts)
3834 FOP 1-1 TO Dataponts
3839 Xr(I)--(PI.!-I.273 1Compute array and change to Velujin.
3842 Vv(I).Mz-Yr.P1,I-I) I Compute mass reacted array.
3e44 Ff(' aYy(I)tir !Calculate fraction decompcaed.
3845 Tlnv.I)w1,Xx(I) !Calculate reciprocal temperature.
3846 tIE;4 I
3050 CALL SpllneroatapointsDatapointh,Xxxc.,Ffce,.x,f),FfF e),D.(e,,02,IE..e,,F
it curve and calculate d'frac)'/dT
385! MAT DU-ABS(Dmh)
3863) CALL PlotzCDatapoints,x.,)Ff<*),flme),A$)'Prnt and plot dx-dT us x
3864 FOR 1a1 TO Dtapointa
3069 IF Dm(I.0.001 THEN Dm'b)LOGUOO00mDm(I))
3874 NEXT I
3880 PRINT PAGE
3885 PRINT AS
3886 PRINT LIN(2)
3899 PRINT 'Linear regression anal-tais of TGA data between Temperatures"
3989 PRINT USING 3919;XxvI,XxDatapoints)
3916 IMAGE DODD," and ",DDDD," degrees Kelvin."
3920 PRINT
39?,? CALL Regresst Tinv(t), Dm(*', DatapoirttABCI ,C2,CBC4,CSCEC?.CSC9,C6,va

3940 PRINT USING 35;B~I9ra
395e IMAGE ",CALCU.LAqTED ACTIVATION ENERGY IS ",MD.DDE,' Cal.-mole ", ' ,D.DD
E
39!1 PRINT
4110 PRINT PAGE
4126 PRINT LIN(S)
4130 PRINT As
4140 PRINT
411a PRINT "KINETICS DATA PLOT"
4140 PRINT LIN(2)
4c70 Nma):aFNMax(T~n,'(4),Data&points.,
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4190 .:mi nFNMinTin,*), D atapolnts;
4198 9 ,,a*.FNMaY(Dm(4),Dtapoils)

4208 'minFNMi(nDm(*,D&ft&points)

4210 E-Xsax-Xmin)'18
4220 F-(Ymax-Ymin)'18

4222 INPUT "ENTER PLOTTER CODE: I-CRT; 2.9072A",Code
42Z4 IF CodeZ2 THEN PLOTTER IS 7,5,"9872A"

4230 IF CodesI THEN PLOTTER IS "GRAPHICS"

4240 GRAPHICS
4250 LOCATE 18,90,15,75

4260 SCALE XminXmax,Ymin-F,Ymax+F
4270 AXES 24E,24F,Xmin,Ymin-F
4280 FOR I11 TO Datapoints
4290 MOVE Tinv(I),DmCI)

4300 LABEL "+"

4318 NEXT I
4320 FOR Jal TO Datapoints

4330 DmtJ wB*Tinv(J)+A
4340 NEXT J

4350 MOVE Tinv().Dm(U)
4360 FOR 1-1 TO Datapoint*s
4370 DRAW Tinu(I),Dm(I)

4380 NEXT I

4390 MOVE XminYmin-F

4400 LORG 6
4410 FOR I.Xmin TO Xmax STEP 2*E

4420 MOVE Z,Ymin-I.ICF
4430 LABEL USING "D.DDD";I*1008
4440 NEXT I

4450 MOVE Xmin,Ymin-F

4460 LORG S
4470 FOR IsYmin+F TO Ymax+F STEP 2*F

4480 MOVE Xmin-.04*E,I

4498 LABEL USING "D.DDD";I

4500 NEXT I
4510 LORG 6
4529 MOVE Xmin+5*E,Ymin-2*F
4530 LABEL "I/T(K) x 1088"

4540 MOVE Amin..4*EYmin4S.F
4530 LDIR PI,2
4560 LABEL "in dMdT) x 1000"

4570 PAUSE
4574 LINPUT 'DO YOU WANT TO REPEAT THE PLOT?",Rpt$

4579 IF Rpt$fI,I*"Y" THEN GOTO 4222

4584 IF Code-1 THEN DUMP GRAPHICS

4594 EXIT GRAPHICS
4680 GCLEAR

4604 LINPUT 'DO YOU WANT TO REPEAT USING DIFFERENT POINTS?'",Agaln
4608 IF AgainS1,t1="Y" THEN GOTO 3824

4610 SUDEXIT
4620 SUDEND

4708 SUB RegSess(X(*),y(4>,H,A.B,Refls,PesS,TottSS,RegmsRIsms,FDregpDfrelI
ftot,AbortDov)
4710 F 4*4 MODEL: YOAeB*X 44*

4728 ON ERROR GOTO Bomb

4738 Abort- 0
4740 YI.XI.Z2X2-Y2-0
4750 FOR 1-1 TO N

4760 X1.X1+X(I)i Sum of X's

4770 YIsYI1(I) 1 Sum of Y's

4780 X2-X2+X(I)4X(I) Sum of X squares

4790 Y2-Y2e'C(I1Y(I) Sum of Y squares
4e00 z.Z+X(I)*Y(I) Sum of XYls

4810 NEXT 1

462 XIXI'N Mean X

4830 YIYI N Mean Y
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4850 A~i-Da4i
4868 TotalssuY2-NtYI*YI I Total Sum of Squares
4S70 -egs H,(Z -N*X1*XI11 Regression Sum of Squares
400 ResssTotalIss-Regss Residual Sum of Squares

4890 RegmssRess I Regression Mean Squares

4900 FRsms=Resss$(N-2 Residual Mean Squares
4904 Dev.OR(Res$ I Mean Square Deviation
4f10 )FF ERROR
4920 DEFAULT ON
4930 F-Regns .- Resms F Ratio

4940 DEFAULT OFF
4950 Dfreg-1 Degrees of Freedom
4968 Dfres-N-2
4978 Dftot-Dfreg+Dfres
4980 SUREXIT

4998 Bomb: Abort-1

508 SUBE.D
531 )U1 E.ponential 0<(4,YU*,N,A,,Regss,ess,Totls,Regs,RmF,Dfreg,Dfr

*s, :totAbort)
5340 1 *** MODEL: Y-A*EXP(T*X)
53!0 ON ERROR GOTO Bomb

5360 Abort.0
5370 Xl-%2S:.YIY2-0
5380 FOR 1*1 TO N
5390 Logy-LOG(YI))

5408 )XX.X(1xl) I Sum of X's
5410 X2-X2 X(C)*X(I) ! Sum of X squares
5420 71-Y1+Logy I Sum of Y's
5430 Y2-Y2.LogyeLogy Sum of Y squares

5440 ZsZ+X(I)*Logv Sum of XY's
5450 NEXT I

5460 XI=XI/N Mean X
5470 YI-YI'N *ean Y

$480 B.=Z-N*X1*Y1)'<X2-N*X1*XI)
5490 A-EXP(e1-B*X1)
5508 TotalsssY2-NeY1*Y I Total Sum of Squares
5510 Regss=(Z-N*:1Yl)'2.(X2-N*XI*XI)! Regression Sum of Tquares

5520 ResssTot&ss-Regss ! Residual Sum of Squares
5530 Regms=Regss I Regression Mean Squares

5540 Resms-Resss/(N-2) I Residual Mean Squares
5550 OFF ERROR
556e DEFAULT ON

5570 F-Regms/RePsms P F Ratio

5588 DEFAULT OFF
5590 Dfregl . I Degrees of Freedom

590 Dfres.N-2
5610 DftotDfreg+Dfres
5620 SUIEXIT

5616 lomb: Abort-I
5646 SUDEND
5650 SUB Plotz(NT(*),X(e).Y(C.)A9)
5668 OPTION BASE 1
5670 PRINT PAGE
56a0 PRINT LINe3)
5698 PRINT AS
5695 LINPUT "DO YOU WANT THE DATA PRINTEL?",Print$
5696 IF Print$C1,1J]"Y" THEN GOSUB Print
5780 PRINT "Kinetics plot of d'/dT vs. x. x- fraction decomposed"
57!0 PRINT LIN(3)

5728 ClFNMax(YoeiN)

5790 D.FNinfV#)e.e*N)
5740 E-.1

5750 Fu-C-D,/19

57!4 INPUT 'ENTER PLOTTER CODE: i-CPT; Z.9972A ",Code
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!768 IF Code-I THEN PLOTTER IS "GRAPHICS"
5764 iF Code 2 THEN PLOTTER IS 7,5,"98?2A"
5770 CRAPHICS
5788 LOCATE 25,90,15.75
5798 SCALE 0,I.D,C
59808 A1E .2,2*F,8,D
5910 POP 1-1 TO H
5920 MOVE .v 1 "'!)
5830 LABEL "."

5840 NEXT I
5850 LORG 6
5860 WOR I. TO I STEP .2
5870 MOVE 1,D-.I*F
5880 LABEL USING "Z.DDD";I
5896 NEXT I
5900 LORG 8
5910 FOR I-D*2*F TO C STEP 2*F
5928 MOVE -.01,1
5930 LABEL USING "D.DDE"I;
5940 NEXT I
5958 LORG 6
5968 MOVE .5,D-. SF
5970 LABEL *Fraction Decompostd"
5990 LDIR PI/2
6908 MOVE .025,D+5*F
6010 LABEL "Rate (mg'deg)"
6020 LDIR 0
6830 PAUSE
6048 IF Codeal THEN DUMP GRAPHICS
6650 GCLEAR
6054 LIHPUT "DO YOU WANT TO REPEAT THE PLOT'"RptS
605$ IF Rpt$tl,12'"Y" THEN GOTO 5786
6660 EXIT GRAPHICS
6670 sUBEXIT
6080 Print: PRINTER IS 0
6090 PRINT "Teaperature(K) Fraction decomposed Pate (d*,^-I)"
6100 PRINT
6118 FOR 1-1 TO N
i120 PRINT USING 6150;T(),X(),Y()
6138 NEXT I
6150 IMAGE DODDXXXXXXXXXXXX,Z.DDDDXXXXXXXXXXXXXXXXXXD.D58E
6160 PRINT PAGE
6170 PRINT LIN(3)
6160 PRINT AS
6196 RETURN
620 SUBEND
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Appendix B

Program for Acquisition of Isothermal DSC Data
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F-.'Q AC IS IT!IOCN q'4D 1NLSS OF I$ISOTHER.MPL DSC BAT A

10 0 F':CI NASE I
23 L 10001'.T i med100i3.:-3( 1000),Y3,'I OO0

10 F~mNTSP IS Ii
40 P;p'.T LIN'4)
50 PF :T "Laa aquiitton progr arm for the Scann;rg Diiferenital"

6. PR~t1T "Caloriuft.etr. Use scanning digital uoltme dr lint"
7 r PF147 "9. Ordinate axis is calibriiii for 10 mIti 1joltI"
SO P c: T "full scale."

q~ P;i " JT'Data is ae a' the approximate rate cf ore* point"
ioo :!T 'per 4 secc-,-z. E-jit line 313 to cha;e rate"

120 
t
:ttT "Folow the 2RT pr.pts. Press CONT to enter data"

110 zINT "into the computer or to hue a plot on tre CPT put"
I 1b ::NT 'or'.o the thermal printer. Terminate the pr:,grarfi ty preiiin9"
145 ' ; NT "STOP."

145 -'PINT
150 =:iT "EDIT THE PROGRAM AND PRESS CONT"
155 :A.JCE

160 :;JINT PAGE
170 FzINTER IS e
ISO ::M ASCSO,BS(602.CSCSO2
190 I:.NPUT " ENTER TEST IDENTIFIER. LINE I",AS
ZO0 t.!iPUT "ENTER TEST IDENTIFIER, LINE 2",B$
210 :. PUT " ENTER TEMPERATURE OF THE RUN",Tinit

Z25 :'4PUT "ENTER MASS OF SAMPLE kmg)",Samplemass
;Zl >NPUT "ENTER SENSITIVITY hmcal'sec)".Sensitivity
240 ;':NT LIN.3)
250 

2 0
INT As

260 P2INT PS
270 =PINT USING 290;Tinit
Z5 =RINT USING 265;Sarnplen,&as,Sensitiuitv
290 I"ASE "Temperature is ".DLL," K
265 IA!E "Mass of sample i3 ',DD.DDD," mg. Sensi-iitv is ",DD," mcal.'zec"
290 ;IlT LIN2)
300 tEM The following lines cwniigure the scanning d~git$1 voltmeter and time

clock &Id ;et hey interurts.
310 )UTPUT 701;"R m2 B"'Configure DYM for interupt rarsfer.
'320 ;r ERROR GOSUD EscapelEnabte run errors to bt corrected.
330 ZN KEY #7 GOSU End'Oprator termination of data a:ulhiticn.
315 i1 KEY 08 GOSUB E, t

340 DtI INT *7 GOSUB Read'Branching routine for data transfer.
350 DUTPUT 9;"AU-12"!Configure clock.
360 :ONTROL MASK 7;120'Look for interupt flag.
370 cPINT LIN(2)
35 tINT "Times-ec; Ordinate Point'"

380 'PINT

390 I1SP "Press CONT to begin data aquisiton"

460 PAUSE
410 3UTPUT 91"UIG"'Start the clock
420 MISP "PRESS P7 TO TERMINATE DATA GATHERING"
411 :ARD ENABLE 7!Allow DYN interupts to take place.

440 IF 1<100 THEN GOTO 440
450 DISABLE
460 9RI!ITER I5 16
470 PRINT "ALLOCATED COPE STORAGE IS PULL"
400 PRINTER is 0
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4 ilt .;Osvp End1
5t0z E f': OUTPUT ?I.
505 ~T 0.
5 10 Pg a-": I INPjT ',ATA F~RM ns3C
520 ENTE 7 1o; ', I -
55 1 1Y I '.1 I000+ k I Co -.. e rtat;1'iili''olIts to a a to 10t s:alIe.
30 OUTPUT 9;" Ut,'
540 ENTER 9;Tir,'I
5150 Tji, eIa-Time, I-,1000 Co.~iMilliseconds tc setconds.
516k) PRINT USING 58TmIq,
70 IMAGE DDDD ,XXNXXX:,)\.:, MDD. DDX2.XXXXX, DDD

5&0i 1-1.1
650 OsUTPUT 'Out?"i" 'Trigger Digital volttqeter
60c CARD E14ABLE 7 'Re-Enable4 Interupta
6 70C RETURN
630 End: IProzess Dta
68'5 INPUjT "ENTER POINT NUMBEP OF STABLE ORDINATE',R
687 FOP V-1 TO Rt-1

Pflh Ifu~~ i m iraike initialI t ran iei*r. t
6i-5 :IE-T

I110 Np'a"- -. 'ElIiw.i naste *iarieous dat a rpoDirtz,
1 -2 r 'N'sji!ept 'Condense the arrays.

8~ ~ inrumNu7',Np s I 'Calculate lowoes' voltage o.utput from b60.
7 , MAT YmY-.Minimus) !Set zero point as lowest output voltage

70 CALL Irp~IFii~<,( ps Plot the data.
*8 LINVUT"DO YOU WANT THE DATASTR",C

790 IF C*Ct,t]-"Y" THEN CALL Stor*eA$,3S.Times-),Ya',Hpta)
800 LINRUT "DC '03U WA1NT TO EXPAND THE PLOT",DS
13 10 IF I'(,I""THEN CALL E..pndAS,PS,Time<e',Y'e))
e26 LINPUT 'DO YOU WANT TO MA E A LINEAR BASELINE COPPECTION"'",E*
8383 IF Eftt.13-"Y" THEN CALL TasorA.STm''' ps
8315 PRINTER IS 16

836 PRINT PAGE
8?7 PRINT 'P4al. inrt egr at or uh inrJ an arbi tr ar* basel ine correcct ior."
83-1 PR Il'T
839 PRINT "Dat a po-.nt num~ber ; correspond to or igi oral cat'Ls list"
848 PRINT LIH'2,
841 PRINT "The bsiine i s c alcul ated us ing a itai1ght. line from ' he fi rs' to
the ast dat a point"
842^ PRINT LlNi.Z>
84: PPINT "Rre&; STOP 0P you wish to terminate the program. Press CONT iif

you wish to continue."
844 PAUSE
845 PRINT PAGE
e4, INPUt "ENTER BEGINING AND ENiDING POINTS FOP NUMERICAL INTEGRATION' .Pegin,
End
850 OptsaEnd-Degin*1
852 PRINT USING 884;Ctpta
.854 IMAGE "ENTER I AND ',DDD," FOR INTEGRATION LIMITS"
8156 REDIM XI'Opts',YS'Op'a)
854 FOR L-t TO Opts
860 t'.'LBgn1
86i XS'L'TmeL+egr.-I'
664 NEXT L

867 B-7YOU,
848 FOP Li1 TO Opts
870 Y3(L sr3eL)-SlopeSe(X3(L)-X3(I ')-P
972 HNT L
874 Cf-eSI": Expanded plot peak integration"
876 CALLGrp(AC.Xe)Ye.paAra
0"8 LINPUT "Do 'CoU WANT TO TERMINATE THE PPOGRAM7"Sopl
880 IFto CtI"" THEN GOSUS E,~it
881 CALL v.inetic Qe D.,ot s,Area>
884 GOTO 300
885 Escape: ICorrect an" run errors.
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;?40 w-:'TER Ii 1i
Z,.00 * 'T EFCMI A E.iEtA T E ED!1 PPDGPM~ 1 A'* PPE,' -'2NT.

910 :E~

420 r 154TE 0

.80 ,i ST of,,BS..' *s.. I

101I0k :To, T BAjFSE I ie i: ;lc.'r i"; ira iroi : -Yr plotter ino *t

1011 LH0ORT U(N) V-.N
101Z "c4T U->:

10 20k -14i'JFT 'ENTEr( MASS *:"fl-RAGE ME~tIUM ',F1
1030 - :!4? .T *'E':TEW 6* CHSRPCTER FILE NAME". CS$
1.340 3auG51 'I:$

1050 :FEATE Cs.N49,
1060 ;SIGN #Z TO GS
10)70 PRINT bB;AS,BS.N
1080 MAT PPIN4T 2,
1090 PFtINT LW-51

.3.5~PliT Uih3 0: 13C
110 :'

1 .
OE "DATAi IS STOPE2 IN FILE "~

1110 A55IGI OZ TO3
1120 :IUEE::IT
1130 S*JBEfID
1200 SUB Graph(S.BS:'474
1210 I1 PAGE S;z''tf4 ov plotting dia fror. an X-Y io1ottor
12270 PIIT LIN't lusinga the 'nternal thermal printer-.

120 PTION BASE I
±240 .=PINT AS
1250 --IN4T Bi$
1260 CPIIeT LIN('3)
1170 :Im D*119)

127 C-"TINlE
i r 1s="P41atl s ,-o Is

1 300 AF
1 310 - INPUjT 'DO YO 1WANT A MAh',lrUM Y USED p:J; 

T
HE GPAFM- INSTEAD OF THE CALCULAT

ED MA. IMUtl", 3

1 ?20 iF 35(.1=" THEt; INPUT "ENTER Ymav,,",N
1325 !F 7511 37 TNEN A-N
1"0 lhctl.T "ENTER PLOTTEP CODE: OPT-A. 98?2Az5",Pi -.r S
I1,4 0 11 loSI.WP THENi rLOTTEF IS ."92A
1 50 :F RoS11A"THEN FLaTTER IS "GRAPHICS"
1360 FPAPNICS
ire LOCATE 18,13,10.7!

1 30 4i .:ES B'4.,A 10, YI'10
140Cl0 *IOVE X, I,1Y -I
1410 FOP 1-1 TO N
1420 DRAW Y' 1 I)Y(I,

1430 NEX'T I

1490--OP Ti) :'N' STEP 2,4

1'500A'100
1510 6ABEL USING 153031
1132e !4,:;! I
115.10 IMAGE DDD
1540 LOWG e
1550 FR l.A 1e TO A STEP AI0
1560 mlove -B' ICoo+ 1 - .
1570 ABEL USING 159k;:
1590 'tEXT I

15930 WMAIE 10.0
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162e" LOEEL CS
1% 3., 'DIP PI-'2
,.:4- LOPG 4

l'' ,, MO'.'E -1.; 9 A- I., .2

6' LABEL DS
1,- IN"UT "D 'OU ARN

T 
GPAPHICS PRINTOUT VIA THE THERMAL PRINTERP'"',L$

16o: IF LIE!.I I "'" THEN DUMP G'APMICS
t 6 ?," E: IT GRAPHICS
I 40 C LEAR
1-05 IF PI otI I,1I"B" THEN OUTPUT 705;"SP0.xIN"
17 1 'UEEXIT
17"'O LiEEND
17. ID EFF N.A ' , N, S t hr kt
1740 I =Ay k' t ar.
1750 FOP ISt.ar. TO N
160 IF A' INtMax THEN Ma,=AI)
177e NEt:T 1
171%1) RETURN Ma-
1 7 .i0 FriEtAD

ii j B E , p ',and' C , , -' '*)

; O ,FTI!N BASE I
21-a Z.IM : ,T:Oee),Rciee'rW<±eo0:
2025 DIM I51903,RS103
-Ii' tINPLT "ENTER LOWEST AND HIGHEST DATP POINTS FOR PLOT EXPANSION :P1.$2)".PI
,P-
':04. t4-RB'S I P;-P I +1

205C REDIII Z'N),T(N)
Z Oe FOP II TO N
.u7 *s 'I ,='Z: I.PI-1)

.00 T, I ' I+PI-I)
2b ' , NE:.T I
2100 ilsDD."E.pandeo Plot"

;j .INPUT "IS THIS A BASELINE CORRECTED PLOT?'",I$
'- ' !~ F MIEI,IIQ"Y" THEN GOTO 2175
1'i- IS :Iltl,fIs"'/" THEN CALL PrintZ(C$,I5' .Tr, r.
-'4 iF ;15.1,1I'" THEN CALL Graph2(C$,I$,Z(*;.T .,N,Arsa)
141 PRINTER IS 16

ZI4 PRINT "DO YOU WANT TO INTEGRATE THIS EXPANDED PLOT USING ANOTHER BASELINE
c , "T ION'
.14: LINPUT NS
214- PRINT PAGE
214d IF N$I.J]."Y" THEN GOTO 2170
j'.4' INPUT "ENTER THE DATA POINT NUMBERS ,'its list' FOP ORDINATE POINTS ",P3,P4

-:4- M.-F4-F3tI
LI. PEDIM R'Mx),W(Mx)
1 1-1' PPINT USING 2152;M,

.1T. IMAGE "USE I AND ",DDD," FOR INTEGRATION LIMITS"
; I It FOR -I TO Mx
:1 4 PtPra(VK+F3-I1

21 NEXT
'I Fr-"E .iprd*d Plot: Arbitrary baseline correction"

215.- DbsLJ' 1 '
Z!.0 FOP I -l TO lix

. W.-"1r.'mW'K'-S.Iov4Z -R'k)-R(1'))-3b
.1 .' N- E;;' T1 'ALL Gr ,-W Kp ,-I c. R , ) - (4 I-) -1b

'I76 IF MII,12-"Y'' THEN SUIEXIT
2175 CALL Grap(CI.114.),T(o),H)
110 S!UDENXIT
21! SUIBEND
S1>. SUB Tr ar if or.FG,X ) . Y,,N)
' C T Iij' BASE 1 I Linear baseline correct-n foe, 2 )''iLDlc plots.
1 I ; DIN ,'rC0N
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2 :o iu6*' r.'E. ; i :o At~qra.;4 'hea i rlIt. krnd Iea fc rr.rIa-

2240 1 :!cF4*-V-Y: 'N 1
2256 Pl 1-1 TO N4

-7 E: TI

:c.-u. ;*-a, f.R1.*. - -. ~, * N Prela

2330 N LI., T :,j 1,,i F4AIT ' LC T Z::PANDEV0' HSN
23 315 1P tStIZ=Y " THEN CALL E card1S.HUS .~-Ow'

2340 : JBE',I T
2256 SuEtND

2400 DEF rtiM.aos A,*4 *N'

2410 Ma.-ABS(A-1-)
24ZA POR 1.2 TO N
2490k :F 13$* -'M& j~ THENflabsE'')

'440 i.E'.T I
2441 RETURN Ma; ibt
2442 cHEII
2450 ZEF Fti~iin-B- N
2460 lnR(1'
2470 FOR 1-2 TO N
2480 IF 3'1.' Mir. THEN Pfin--I
2490 NE:T I
2500 RETURN 1i,:-
2510 FNEND
2600 SuEp. en-At 5X * ,ItEa
j2j ,! PRINTER I: 0
210Il P;,It.T CE 'S',-.' i Tc p:'i' - n a " t- aL an ~

2620;3 PI!NT LINc>:l '.3- 1 he 1 -'Cri &Iher sIal cr inrtr

., 2 OPTZr1 LkSE

264O RRI:,T AS
2650 FPI'.T ES
26o PRINT LN

i670 DIM D51 1,u, 1?00 1. 1000ll
267: PEDIel U,-N),V.-'N)

26! 5-TIME c
Its-' Re 1 a' I ... MlI 1 1 -: 1--c i'

260 ?C, ,f-X t

2700 A=F
Z-i0 L;NPL "DO YOU WATA p1.MJ- .'I-El FOR THE ;FPm INSTEAD -.F THE CALCULAT

2720 !F jtJ"'THEN INPU'T 'EN4TEPR iU,

;2740 IF Yffl,I, '.=" THEN PAH

2745 LINRUT "ENTER ;LOTTER CODE: CRT=A, 923"Pct

27!0 IF RlctSEi.iW-"A"l THENi PLOTTEF TS lGFRPHICS'

27155 IF Pic-li. iJ='"V TH4EN RLiCTTERR S9 ."97A

2760 -ANC
770 LOCATE 17,912.10.75

27'?e SCALE :.i'H -
279t0 A;ES B 4Ai.K .
Z800' M tV E ':- ItI'.V

232:0 DRAW ID'

1S3 N)HEXT I
2840 PENUP
i830 LOPG S
z28 90; FOR I-KITo o-l' STEP B 4

.910 LABEL US! NG 293-0;;
2'92.3 riE;:T I
293.!A IMAGE DDE'
294 -Op; a
250 I.P :--A 70 A STEP Al 10
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2q60 MOVE -',100+.X( I, I
-"970 LABEL USING 299: I

13" 'iEY T I

-0 IMAGE DD.D
-130 13 LOG E

03 MO VE B Z*X ',-A. 15
-020 LAIEL CS
0.3 L'DI F'. 2
3040 LOP 4

3050 M OVE -B ?:', 1 , A.,2
30,10 LABEL DI
3062 LINFT "DO YOU WANT TG INTEGRATE PART OF THE CURE",OS
3065 IF ,*11,12.. "V THEN GOTO 3,0.95
3 06 INPUT "ENTER BEGINNING AND ENIDING DATA POINT NUMBEPSKFROM NEW SET IF EPAN
BED;", Start, Finish
3067 REDIM Ux(Finll-hStkrt*1),V"Filh- -t rt+1,
:30is ;-I

306.9 FOR I=Start TO Finiih
3070 Uk3,J-X(I.
3071 %1,- J,)-Y ( )

3072 MOVE I 1 , Y I
3c DR.AW I),

.074 PEJUP

4076 NEMT I
3077 Epsion-IE-6
3078 CALL Intun' 3-1,EpsiIon, U:.eJ*>, Vyb*>, Integral)
3079 PRINT UING .080;U,.1',Ux(J-1),Integral
3080 IMAGE "THE AREA PEPPESENTED BY THE SHADED REGION BETWEEN DOMAIN ?AL.jES

DDDD.DD," AND ",DDDD.DD." IS ",MD.LDDE
3381 PRINT LIN(2)
3035 LINPUT "DO YOU WANT GRAPHIC; PRINTOUT VIA THE THEPMAL PRINTER?",LS
3090 1F LSCI,I]="Y" THEN LUMP GRAPHICS
3095 EXIT GRAPHICS

3100 GCLEAR
3105 IF PloIt$."B" THEN OUTPUT 7,5;"$P0, IN"
3110 SUBEMIT

3120 SUBEND
3130 SUB Prntz(AIBSX(*.,Y..',N)
3140 OPTION BASE I

3145 LINPUT "DO YOU WANT THIS PRINTED ON THE T)PEWFITER'",Fri,ter*
3146 IF Printer*C1.-"' '' THEN PRINTER IS 7,4
3147 GOTO 3160
3150 PRINT PAGE
161O PRINT 'DATA POINT PEhUMBERING FOP BASELINE CORRECTED , EXPANDED PLOT"
3170 PRINT AS
3180 PRINT BS
3190 PRINT
3209 PRINT "DOMAIN VALUE RANGE VALUE NEW DATA POINT NUMBER"
3210 PRINT
3221 FOR I=I TO N
3Z30 PRINT USING 3250;XI','(I,I
3240 NE;T I
3250 :MAGE DDLI..D''x.<:,': : ,BD. DV.X>V',XXNX,DDD
3260 PINT LINt(,'

3270 SUBEI T7
"So SUBEliD
:400 32 ru'.p,'.'',n ui plaIntigrator
3430 OIcdtas'N<-3,'3R X1 '='.CN)) OR (Eps,,0)
3490 IF Baddt-s0 THEN 360O
352-0 PRINT LIN(2',"ERPOP IN SUBPROGRAM Intun."

35?0 PRINT USING 3540;N.EpsY' 1 '.':''.N)
-!4,) IMAGE "N-",DD,.SA. "EF;="MZ,'DE, , "X 1=",Z.6DE,5R,"X(N)",M2.SLE,
35-0 PAUSE
3560 GOT. 3;3S0
3600 OPTION tA.E

49



iNC TP 6337

3618 DIMb2:-)'N, ;N-
?628 FOR 1=2 TO N-I

3678 3
3630 ::'X I )3.T -

:68 4E: T I

3728 W=3-4*QR(3)
3740 U-0
3760 FOR 1=2 TO N-1

3788e H-ADST)
3880 IF NYU THEN U=N
3820 S'I)=S(I>+T
?330 NIEXT I
3850 !F U =Eps THEN 3740
3868 intO0
3928 FOR 1=1 TO N-I
393rd NX(I+1,IXCI,
3948 In=n+:SNty)VIL'l4*Ht:.)SI1.
3950 NEXT I
3968 SIJEEND
400 SUB ihcXk~'t~ND
4010 OPTION EASE 1
4820 PRINTER IS 8
404k1 DIM X'NYN4trc4hfa: 6 S',od
4890 EpsilonI!E-6 Es'atli- tollerance tor- convergence
4118 FOR 1=1 TO 3
4120 :4(1 -<2' 1)
41.0 4'I Y2 (I ) IDe.gin gernersirg partial ares array3.
4140 NEXT I
4150 FOP J-4 TO N
4168 PEDIM X4(J),Y~'J 'IrcrerEntallH generate partial& area arrays.
4170 X4kJ'XZ(J.
4100l '4, J>=1'2eJ)
4190 CALLItn(Esio,4.4)A3)
4280 Fr-ac J'=A(J) 0 $Calculate fractional areas.
4210 01SF "Generating Areaz',J,A3J),Frac(Jt
42 19 NEX T 1
4228 FOR. V-5 TO N
4230 D~'('A-
42480 el(aa.)(2 'YK1,
4250 NEXT K
4278 FEINT "TINE(s) AFR FRAC.T A REA INCREMENT RATE OF INCREAS
E Pt*"
1288 PRINT LIN(2)
4290 FOR 1-5 TO N
4386 PRINT USING 4328;X2(D),A'I FracCI),Da(I),Deriv(I),I
4318 NEXT I
4320 IMAGE DDDDXXXXX, DDLOZX ::xxx . DD2XXX XXX, DDZ. DDO%'XXXXXXX, 02. DDDXXXXA.NXXX"Ns

DD
4330 CALLPotF ck)Drv.N
4348 MAT Y27'2+(1E-6) 'Insure nonzero argumetnts
4358 MAT LogdsLOG(Y2'
4365 CALL P~trX(.2.rc*,~dtI
4378 CALL Plot2(X2(* .Frac(.-,N)
4375 PRINT PAGE
4380 ,ALL Po X'~Lg',
4390 PRINT PAGE
4408 CALL Plot4 Frac(*)Lzgd.'*t4I)
44QO SUEXIT
4500 SUDEND
T 0 0 E-JE Li near( 4)%,Y(4 ,A.EF,Pegsi, PEisS.Tot%!lis, Regnbs.Resms,F, Drreg.ErVrei, Df
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tot Floor' ,Vari ance'
5810 f MODEL: Y.A.3eX e
5820 ON ERROR GOTO tomb
5830 Abort .0
5840 Y1X1?.IZ-X2Ci'2-8
5850 FOR 1-1 TO N
5060 XlsX1.x(I) ISum of X's
5070 Y1% 1) Isum of Y's.
5088s Zx.:I'XI I Sum of X squares,
5098 'Y2.Y'+yI'*Y'' 1 Sum of Y squares
5108 Z.Z+X(l4*Y(I, Sum of XV's
5118 NEXT 1
5128 Mi-XI'N tiMean X
5130 VI-Y1'N IHear. Y
5140 B-(Z-t4*X1.(1 ' X2-NeXlsXli
5150 R-Yl-PeXI
5160 TotalssY2-N*Y1.YI Total Sum of Squares
5170 PssZ-*1V)2/X-.e<'Regression Sum of Squares
51e88 Reaaa-Totalsa-Regss Residual Sum of Squares
5198 RegmssRegs Regression Mear SwaIaresj
5208 RcisAasRess;'(N-2) IResidual Mean Squares
52'0 5 Yarian)ce.SOR0ZesmsrIX -N*IX eI)I
5218 0FF ERROR
5220 DEFAUL-T ON
5238 F-Regri:;Resms F Ratio
524e DEFAULT OFF
5250 Dfrerl I Degrees of Freerdom
5260 Dires-N-2
5270 Dftot.Direg+Dfres.
5288 SUPEXIT
5298 Bomb: Abort-1
5300 SIJOEND
5310 SUS Plotl(X'*),V(*),N'
532e Plot iract ion reacted oz rate of reaction.
53130 m a; -FNM a,6' 1*), N)
5340 Xrmin-FNM!nI Xt 5% N'
5350 .macFNMax(X (*), N)
53 60 Yemi n-FNin' X(),N)
5370 LINPUT 'ENTER PLOTTER COLE:A-CRT,B398?2A".RlotterS
5380 :F Piotterltl,1)s"A" THEN PLOTTER IS *GRAPHICS"
5398 IF Floter$C1I,12"P' TNEN PL$.TTER IS7,'rA
5488 GRAPNICS
5410 LOCATE 5.90,10,75
5428 SCALE '::iwn,Xmax,Vmin,Ym>x
54S8 A'4ES sXmax Xmin)'4,(Vta'i'min? 4-.Xmin,Yraln
5448 FOR 1 -1 TO N
5450 PLOT XtI),V(I)
5468 NEXT I
5478 LCRG 6
5488 FOR J-Xiaini TO Xma< STEP tXmax-Xmin)i'4
5490 MOVE 3,Ymnn-Vmin'28
5500 LABEL USING 'D.DDE";3
5510 NEXT 3
55Z8 L'OPS S
5530 FOR F'Ymin+''Imax-Ymin)'4 TO Ymax STEP ('?ma.e'rint'4
5540 MOVE Xmwin-XMin'280,K
5550 LAPEL USING "D.DDE';K
5568 NEXT
5578 MOVE Ximin.Ymin-(Ymaj-Ym~n)"S8
5588 LORG 3
5590 LABEL "Plot of fraction reactd vs. rate"
5595 PAUSE
5680 IF PlteSl1""THENA DUMP GRAPHICS
5605 IF Povr Is""THEN OUTPUT 7,5;SPO",IN1
5610 E2.IT r.FAPNICS

56?GCLESR
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5616 SUPEXIT

5630 ;UED5630 SUb Vlot2(X.',x,tl,

5640 I Plot -I-ract ton rac'4d' VS "e
5650 L: NPJT 'E!TER PLOTTE; CODE:AsCRT,1-98^A"1Flot,u$
5660 :v Potters.I Iu"A" THEN FLOTTER IS "GRAPHICS"
5670 F o tersclI3."I" THEN PLOTTER IS 7.5,"872A'
580 P= Rlotterl ,1]-"A" TNEII PRINT PAGE
5690 GPAPHICS
5700 LOCATE 10,0. 10,7
5710 S:ALE x'5),X'N,0,1
5720 AX<ES 'XN-~J~4.5V
5730 FOR 115 TO N
5740 PLOT X1I),I-YIs
5750 NE:T I
5760 LORG 6
5770 FOP 3sX 5) TO XN STEP 'N)-XKS','4
5780 rOVE J,-.02
5790 '.aABEL u ING "rDt";
5800 oET I
5810 MOVE (X(4N-XA)J 24:%,.-.07
5 820 LABEL "Time (seco-nds)"
5830 LORG 8

5840 FOR K-.25 TO I STEP .25
5850 MOVE 'XN)-;()).28 X'5),K
5860 LABEL USING "Z.DD";K
5870 NEXT K
58S0 LORG 3
5890 LDIR FI,2
5900 MOVE ('<tN-X(5''/20 (5),.05
5910 LABEL "Fraction Unreacted"
5915 PAUSE
!9ZO IF Piottr'SEl.:3a"A THEN DQIP GRAPHICS
592S :F Plot'erst''.IW"E" THEN OuTPUT 7,5;"SPO'IN"
5930 EXIT GPRPHICS
Z931 GCLEAP
$935 iUExIT
$?40 SUDEND
$9503 5.0 Pl.2t3kX(.'*,Yetl
$960 ' PI:,t of log displacement vS time
$970 DIM 'w',B r l 'Fartial Arrays for Kinetics Cal'iulhtiorz
3980 UJNPJT "ENTER PLOTTER CODE: A-CRT, Es9"72A",Pl ttqr$
5990 IF Plotter$tI,12t"A" THEN PLOTTER IS "GRAPHICS"
6E00 :F F cter$tl,I3-"P" THEN PLOTTER IS ',5,"972A"
601 .FPHICS
6020 LOCATE 1,90,10.75
6030 SCALE Xt5 .X N,0,5
6035 LDIW 0
6040 AXES (X(N'-X 5)),4,1,X(5),0
6050 FOP I- TO N
6060 DRAw A(IUY(I)
6070 NE:XT I
60e LOPG 6 ' Label 'he axes
6890 FOR I.2(5N TO X() STEF 0.-)-X<5))/4
6100 MOVE I,-.05
6110 LABEL USING "DD";1
6120 NEXT I
6130 hOVE (X(NP-X(5).2*X(5',-.3
6140 LABEL "Time (s5c)"
6145 LORG 8
6150 FOR ;*I TO 5
6160 MOVE X,'5)-.01* N)-j'5',J
6170 LABEL USING "D.D";J
6138 NEUT 1
6130 LDIP PI.2
6200 LOR 6
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6210 MOVE X(5)*.O5#(XCN~-X(5)),2.5

6220 LABEL 'Ln(dvsplacemcntO'
6.36 LDIR 0
6240 PAUSE
6258 IF PlotterSC,l]-"r" THEN DUMP GRAPH:CS
6255 IF PlotterSCl,13-9B" THEN OUTPUT 7,5;"SF0-IN"
6260 EXI' GRAPHICS
6165 GCLEAR
6276 PRINTER IS 6
6275 INPUT *ENTER TWO POINT NUMBERS FOR THE SLOPE CALCULATION",S,T
62S tptadaT-Stl
6285 REDIM A 1:Nptsd),BW1:Nptsd)
6296 PRINT LIN(3)
6295 FOR I- TO Nptsd
6300 A(I=)QS+I-1)
6305 B(I)-Y(S+I-I)
6310 NEXT I
6320 CALL Linhar(A'*),B(*',,Nptsd, lnt,Slp,C0,C1,C2,C3,C4,C5,C6,C?,CS,C9.Var
6330 PRINT USING 6340;A(e1,RNptsd).Slp,V&r
6340 IMAGE "Slope of plot between times ".DDDD," and ".DDDD," seconds is "'D.DDE
," - ",D.DDE," sec-i"
6356 PRINT LIN(3)
6360 LINPUT "DO YOU WANT TO REPEAT THE CALCULATION US!NG OTHER POINTS?",RptS
6378 IF (Rpt$CI,12s"Y') OR (RptSCI,I]-"v") THEN GOTO 6275
6375 SUBE!IT
638e SUBEND
6600 SUB Plot(X(*),Y(e,N)
6618 REM Plot dR/dt vs A and choose linear portion for kinetics
66Z3 PRINT PAGE
6625 OPTION BASE 1
6638 PRINT LIN(3
6640 PRINT "Kinetics plot of dx/ot vs x. x a fraction decomposed"
6650 DIM XI(NYI(N)
6660 C-FNMax(Y(*),N,5)
6696 F-C'16
6700 PLOTTER IS "GRAPHICS"
6710 GRAPHICS
6720 LOCATE lG,98,16,75
67S6 SCALE 6,1,O,C
6740 AXES .25,2.5*F,0,6
6750 FOR 1-5 TO N
6768 MOVE X(I),Y(I)
6770 LABEL "+

6780 NEXT I
6790 LOPG 6
6808 FOR 1-0 TO 1 STEP .25
6910 MOVE ;,-. *

6326 LABEL USING "Z.DD';I
6836 NEXT 1
6846 LORG 8
6856 FOR I2.54F TO C STEP 2.5'F
6866 MOVE -.01,1
6870 LABEL USING "DZ.DB":I
6888 NEXT I
6890 LORG 6
6900 MOVE .5,-.6*F
6916 LABEL "Fraction Decomposed"
6920 LDIR PI'2
6930 MOVE .025,DSF
6946 LABEL "Relative Rate"
6950 LDIR 6
6960 OPUSE
6976 DUMP RIRAPHICS
69e6 GCLEAR
6996 EXIT GRAPNICS
700 PRINT PAGE
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70 o PRINT LIN'2)
7020 PRINT "Linear Regresslon Aral'.)is of the Data"
703e ;PINT LIN(2)

7040 INPUT "ENHTEP BEGI I.I:4; AND ENDING POINT FO' CURVE FITTING"BeginEri.
7050 ts-End-Begln+!
7060 PEDIMXI1:ta.v1l1:P'-
7070 OP 1=1 TO Pts

7060 1 1 at egin-I-L.
7090d Y1kIategnt-
7108 NEXT I
7110 PRINT USING 7120;XI(1),X1PPts)

7120 :MAGE "Plot is bhtwe.e ttmes ",DDDD.D," seconds and ",DDDD.D,' seconds.

7138 PRINT LIN(2)
7140 CALL Linear.IXL'*),Y1.*;,Pts,AB,COIC,C2,C3,C4,CS.C6oC7,COCS,V'
715r PRINT USING r16a;AD$ p ,V
7160 IMAGE "Rate Constant is ",D.DDE, "sec-1. Mean Variance is ",D.DDE

7170 PRINT LIN(3>

7190 1'aFNMax2l*,Pts,I

7200 XmIna!NNnY1(..P's)
7 10 Ymi n-FNMin(Y1(*,Pts
7220 EmXma-min' 10
7230 F-sY ax-Ybin, 10
7240 PLOTTER IS "GRAPHICS"

7250 GRAPHICS

7260 LOCATE 20,100,20,90
7270 SCALE Xain,Xm&x.Ymin,Yma'
7280 AXES 2*E,2*F,Xmin,Ymin
7290 FOR II TO Pts

7380 MOVE X , I),YI(I)
7310 LABEL "."

7326 NEXT I
7330 FOR J1 TO Pt$
7340 Y(hsX1.J1*B+P
7350 NEXT J

7360 MOVE 1I1),YIl)
7370 FOP 1=1 TO Pti

7380 DRAW XI',I',YtI
7399 NEXT I
7400 rOP; 6

7410 FOR I t. ;n TO :' a>: STEP 2*E
7420 MOVE I,Ymin-.j*F
7430 LABEL USING ":.DDD";I

7440 NEXT I
7450 LORC 8
7460 FOR I.Ymin.2*F TO n:a, STEP 2-F
7470 MOVE Xmir,-.04-E,I
7480 LABEL USING "DZ.DD":I

7490 NEXT I
750e LORG 6

7510 MOVE XmineS*E,Ymin-F
7520 LABEL "Fraction Decompozed"

7S30 LDIR PI,2
7540 MOVE Xmr,+.4*E,Ymin+5*F
750 LABEL "Relatt e Rate"
7560 OPUSE
7Z79 DUMP GRAPHICS

7588 GCLEAR

7598 EXIT GRAPHICS
7608 LINPUT "DO YOU WANT TO REcEAT THE CALCULATI N"',Repeat8
7610 IF Repet$[I.1]="'" THEN GOTO 7800
7620 SUBEXIT

"130 SUSEND
7700 DEF FNMon(A*.).N)
7?ie MinsA(1)
7720 FOR 1I1 TO N
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7736 IF A(I)<Min THEN NinRt(I)
7748 NEXT I
7750 RETURN Min
7760 FNEND7770 SUE PrinterTime(),Dispk),Frack.b.Log.(c),N>

7760 1 Print ot values used in kinetics calculations
7790 DISP "CHOOSE FPiNTEF AND PRF:S CONT"
7800 PAUSE
7810 PRINT "Ptb Timefiesc Y Lo(Y) a (1-a)n 1804(1-a'" -- -

7S20 PRINT
7830 FOR 1=5 TO H
7835 IF Fracdl)-l THEN GOTO 7870
7846 PRINT USING ?

8
EO;ITimeUDisp(I,Log(n,Frc(),-racc),LOG(Ig.F,

c(I)')
7850 NEXT I
7568 IMAGE DDDXXXXXDDDDXXXX,DDD.DXXXX,MZ.DDXXXX,:.DDDXX,Z.DDDXX'XMZ.D
DD
7878 PRINT PAGE
7880 SUDEXIT
7898 SUBEND
7900 SUB Plot4(X(*),Y(),Z,
7901 DIM U(Z),V(Z)! order plot of log(displacement) vs log(108,(-))
7905 LINPUT "ENTER PLOTTER CODE: CRT-A, 98?2AL",Plotter$
7918 IF P!tter$Cl,II.A THEN PLOTTER IS "GRAPHICS"
7915 IF Plotter$1,1-"" THEN PLOTTER IS 7,5,"9872R"
7920 MAT ::"<t)-X
7925 MPT X-(108)*X ! Eliminate negative logarit.hms
7930 FOP 1-5 TO Z
7933 IF X(I)-a THEN GOTO 7937
7935 X(IsLOGX(I))
7937 NEXT I
7940 A-5
7950 C-,
7970 LOCATE 15,908,18,88
7980 SCALE 0,R,0,C
7985 SHOW 0,A.0,C
7990 AXES 1.1,0,0
800 FOR I-S TO Z
8002 IF Y(I)<0 THEN Y(I)-0 ignore negative logarithms.
803 IF X(I)(0 THEN X(I)-8
8018 PLO7 X(I>,'(I)
620 NEXT I
8025 LORG 6
8030 FOR 1.e TO A
8848 MOVE 1,-.82.C
e58 LABEL USING "Z.D";I
8860 NEXT I
8870 MOVE A/2,-.08.C
8088 LABEL "Ln(1060t1-a))"
80895 LORG 8
890 FOR 1-1 TO 5
$18 MOVE -.02sA,I
9118 LABEL USING "D.DD";I
8120 NEXT I
8138 LDIR P1-2
8140 MOVE .OSsA,.5*C
8150 LOPG 6
8160 LABEL "Ln(displace.ent)"
817 PAUSE
9180 IF Plotto $r1,13a"A" THEN DUMP GRAPHICS
8190 IF PlotterCfl.",, THEN OUTPUT 7,5;"SPO'IN"
820 LDIR S
8210 EXIT GRAPHICS
8220 GCLFA0
:230 114PU" "EN'ER TWO POINTS FOR SLOPE CALCULATI,>,,B,D
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8250a VELtIU uI:opts'IY':Ps .,
8260 FOR 1-1 TO Opts

8290 iF-ET I
82001 :ALL Lirt,*ir.U..W.., t, IntSopo,CI,Cl 2,CC. . C5,.6. C,C8,C.Var
8310 PAWN LWH(S)
j.'Z8 'PINT USING83;U±UOtlpva
8330 :n7Ea "Slope*o order curve between valis DS. and ",D.DD," i' b.tD.

. - .TDD

a81413 ,IrFUT 'XI *CU WANT '0 REPEAT THE HCMT'..r*
83"0 !F Aant,> TN-EI GOTO E23*
8368 -lE :IT
8370 SUDEND
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APPENDIX c
Program for Acquisition and Analysis of Thermogravimtric Data
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FPOGPAIl FOP AOUISITION ANiD ANALYSIS OF CONSTANT HEATING RATE
DIFFE9ENTIA SCANNING CALORIMETER DATA.

06 OFIO'0 PASE I

36 FFINTEP 1S 16
46 PPINT LIWt4)
50 PRINT -Datta quisitior. pr'ogram. for the Schnring Difierential"
68 PRINT "Calorimeter. Use scanning digital ',.otmstr line"
?0 PRINT "9. Ordinate asii is calibrated for 10 mi'll'ols'
86 PRft14T " f .A II s al a. Temeratu.re is calcuila'od s TIME "
90 PF INT 'HEATING PATE. Data is *t&ken a* the a'i' .sic rate"
I 00 OtINT "o( * poin~t per 4 stcods. Edit, line III? er change rate"
1:0 PRINT
I Z PRINT "Follow~ the CPT prompts. Press COmT to crti Jata"
I3 '( !-1NT 'inito the :omp.4ter or to Pave a plot on -he ';PT put"
143 PIZ!NT "onto the thermal printer. Terminate itte pro:gra W, rressing"
145 FRINT "STOP. Edit KS if you want addi'ioral grahis fetatureis.'
146 PRINT
156 PRINT 'EDIT THE PROGRAM AND PRESS CONT'
115 PAUSE
160 PRINT PAGE
170 PRINTER IS 0
1ee DIM A#E683,rIe83.CSCq0J
190 LINPUT " ENTER TEST IDENTIFIER, LINE I',AS
ZOO LINPUT "ENTER TEST IDEtiTIFIER. LINE 2' .24;
11 INPUT 'ENTER INITIAL TETIFEFATURE OF THE PUN "Ti'
j10 10NFUT "ENTER TNE HEATING FATE IN DEGREES C per iINLTE'.Ratte
225 iNPUT "ENTER M'ASS OF SAMPLE kmg'',Saaplomass
2216 INPUJT "ENTER SENSITIVITY icl'e'Sn~,,t,
230 ae~seE 'Convert rate to degrees per siic-nd.
Z46 PRINT LINIr3'
25e PRINT AS
260 PRINT JS
270 vRi.4T USING 2a9;Tvntt,Raieej8
27f5 'PINT IUSING 8;apmaienitit
280 IMqGE 'InitialI Tempo-ature is ',DD5," K Htali . Ratit is ",DD,' citg'uim'
2829 IMRGE " t~s & of zampia is ",Dt'.DDD.' mg. itr's '.1-ity is ',DD, ' mcal sac"
290 PRINT LIN(2)
360 REM The following lines corfigure the sc:anning digital voltmeter and time
cl100 and sot key irterupts.
310 OUTPUT 701;'R NO) 0 Configure DYM for Intorupt transfer.
320 ON ERROR GOSUSl EscapelEnable run errors to be corrected.
330 ON lVEY? 7 GOSLIE End'Opttrator termination of data aquisit ion.
335 014 KEY 08 GOSUP Exit
340 ON INT 67 G;OSUI Readil~ranching routine for dat~a transfer.
356 OUTPUT 9:'A-UI.I2'iConfigur* clock.
360 CONTROL MiASK 7,;128'Look for interupt flag.
370 PAINT LIN'2)
?75 PRINT "TEMPERATURE (K, ORDINATE POINT#"
380 PRINT
385 1-1
306 DISP 'Press CONT to begin data aquisition'
490 PAUSE
418 OUTPUT 9;'UtC-!Start thte clock
420 DISP 'PRESS k7 TO TERMINATE DATA GATHERING,
430 CARD ENABLE 71Allou DVII interupts to tae place.
446 IF 1<1000 THEN GOTO 440
450 DISABLE
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460 PRINITER IS 16
470 PRINT "RLLOCATED COFE STORAGE IS FULL"
480 PRINTER I 0
490 GOSUB End
50 Edt: OUTFUT 701: '"

505 STOP
510 Read: I INPUT DATA FROM DSC

520 ENTER 701;Y(1)
525 ''-Y'DI000+20 :onvert milli,'olts to s O to I0 scale.

530 OUTPUT 9;"UIV"
540 ENTER 9;Time
510 Temp'I -TimePte.'I00S+Tinit
560 PRINT USING 570;TempUrI.,I

570 IMAGE DDDDXX,<XXxXXXXXXXXx,MDD.DDXXXXXXXX,DDDD

580 11+1
650 OUTPUT 791;""

660 CARD ENABLE 7
478 RETURN
680 End: ! Process Dats
6S5 '"( "e(2, !Bad data point eI '%nor

698 Tep pl)-Tinit 'Make sure first point is correct

780 Npts-I-2 'Eliminate etranteous data points
710 REDIM Y(Npts,,

T
emp'Npts) 'Condense the arrays.

720 NinhmumsFNMin.(YiC)Npts) 'Calculate lowest -07s&j; output from DSC.

730 MAT YsY-M1 nimum) 'Set zQ,': point as lowest output tuoltage
770 CALL GrapheA$,BSTemp(*,Y(4),Np ts)

786 LINPUT "DO YOU WANT THE DATA STORED?',CS
790 IF CS(1,1J-"Y" THEN CALL Store(A,BS,Temp(e.,YC*),Npts,Tinit,Rate,SaLplema
ssSensitivitv)

e LINPUT "DO YOU WANT TO EXPAND THE FLOT",DS
8:0 IF DSI.IWI Y" THEN CALL Expard(A$.$,Temp'*),Y *))
820 LINPUT "DO YOU WANT TO MAKE A LINEAR BASELINE CORRECTION'",ES
830 IF ESC1,1-"t" THEN CALL Tranform(AS,B$,Temp,*),Y*),Npts)

025 PRINTER IS 16
836 PRINT PAGE
837 PRINT "Peak integrator using an arbitrary baseline correction"
638 PRINT
039 PRINT "Dv'a point numbers correspond to origional data list"
648 PRINT LIH(2)

841 PRINT "The baseline is calculated using a staight lint from the first to
the last data point"
842 PRINT LIN(3D
84. PRINT "Press STOP if you wish to terminate the program. Press CONT if

!:Ou wish to continue."

844 PAUSE
645 PRINT PAGE
840 INPUT "ENTER BEGINNING AND ENDING POINTS FOR NUMERICAL INTEGRATION' Begin,
End

s OptsuEnd-Begin.1
65* PRINT USING 654;Opts

654 IMAGE "ENTER 1 AND ",DDD," FOR INTEGRATION LIMITS"
656 REDIM X3(Opzs),Y3(Opts

658 FOP LoI TO Opts
860 Y3IL eY(L+Bgin-I)

86; X3JL)-TepL+Begin-.
664 NEXT L
666 SI pe3s(Y3(Opts)-Y3(1,Y.X3(Opis)-X3(I))

967 8.13(1)

866 FOR Lol TO Opts
676 Y3CLmYS(L-Slope3e(X3cL°'43(I))-3

672 NEXT L
074 CS.U9&": Expanded plot peak integration"

076 CALL Graph2 AS.CS.V?,*),%3),.*,Opts,Area)
876 LINPUT "DO YOU WAN' TO CONTINUE WITH KINETICS'".Stop$

86 IF Stop*Ct,l11''Y" THEN GOSUB Exit
881 CALL Klnetcs,,ltC5,X3t.,Y3f#N,0rtsArea1
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1:4 GOTO 300
S95 Ecpae: C orrict &r'.

, 
run errors.

890 PRINTER IS 16
9.0 FINT ERRMSt" ,EiEP'EI. EDIT PROGRAM AND PRESS CONT."
5110 Q) *AUSE
920 PRINTER IS 0
930 -ETUPH
10'C, -,Us Stor.A$.SX.' .I'.X ,NTO,R,S%, e$r.s
1610 :7IaN PAE ! Subr tlin for storing da'a frzh. X-Y' plo tter input.

1015 SHORT RH -. S N',
1020 LINPUT "ENTER MASs STORAGE MEDIUM",FS
1030 LINPUT "ENTER 6 CHARACTER FILE NAME"GS
1040 Gs-GS&":"&F$
1850 CREATE GS,N/9

1068 ASSIGN 02 TO G$
1070 PRINT *Z;AS.EU.N.TT,,SmSens
1875 MAT R-X
1076 MAT S-Y

10i0 MAT PRINT *2;FS
18l9 PRINT LIN(!!-
1100 PRINT "DATA IS STORED IN FILE "&CHR$(341;G$;CHR8'34)
1110 ASSIGN 02 TO *

1128 SUBE<4IT
1130 SUBEND

1 08 SUBNrp~I3,')H~N
1201 OPTION BASE 1
1205 INPUT "ENTER PLOTTER CODE: I-CRT; 2-9872A",Code
1206 IF Code2 THEN GOTO 1270

1 10 PRINT PAGE 'Subroutine for plotting data from an X-Y plotter
1220 PRINT LIH(3' 'using the internal thermal printer.
1 40 PRINT AS

150 PRINT B$

1 60 PRINT LIN'3
1270 DIM C$tCOID5C602

1275 LINFUT "ENTER X AXIS LABEL IF OTHER THAN TEMPERATURE (K)"%CS
1276 IF CS."" THEN CS-"TEMPERATURE (K)"
1177 LIIIPUT "ENTER Y AXIS LABEL IF DESIRED",DS
1276 IF L$-"" THEN DS-"Pelstive Millivolts"
1200 F-FM&(Y(CiH)

1398 A-F

1310 LINPUT "DO YOU WANT A MAXIMUM Y USED FOR THE GRAPH INSTEAD OF THE CALCULAT

ED MANIMUM" J$
1320 IF 18[1,13"Y" THEN INPUT "ENTER Vmax",H

1330 IF JSCI,11-"Y" THEN A-H
134e IF Code-2 THEN PLOTTER IS 7,5,"9872A"

1350 IF Code-I THEN PLOTTER IS "GRAPHICS"

1360 GRAPHICS
-1370 LOCATE 15,90,15,75
1380 SCALE X(1),X(N),0,A

1390 AXES B/4,A/I0,X(1),0
1400 MOVE X.I),Y(I)
1410 FOR I- TO N

14 0 DRAM X(I),Y(I)
14 0 NEXT I

1440 PENUP
14S0 LORG 6
1490 FOR lAX(1) TO X(N) STEP 2,4
1508 MOVE I,-A'18
1510 LABEL USING i53e;t
1520 NEXT I

1530 IMAGE DDD
1S40 LORG 6
1550 FOR IuA/10 TO A STEP A/10
1560 MOVE -3/lSeX'.1,I
1570 LABEL USING 159S;I
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1560 NEXT
1590 IMA,:E DD.D
1600 LORG 6
1610 MOVE B'2+X(I,,-A 15
1628 LABEL TRIM$(CS'
1630 LDIR P1-2
1640 LOP:; 4
I658 MOVE -B'10tX(1),A2
1660 LABEL TPIMSkDS
1670 PAUSE
1680 IF Code1 THEN DUMP GRAPHIC-S
1690 EXIT GRAPHICS
1700 GCLEAR
1710 SUBEXIT
1720 SUBEND
1730 DEF FHMax(A(*),N)
1740 Max-A<1)
1750 FOP 1-2 TO N
17C0 IF A<I)>'Ma THEN MaxaA(I)
1770 NEXT I
17S0 RETURN Max
1790 FNEND
2000 SUB Expand(CS.DS,XC*),Y(t))
2010 OPTION BASE 1
2020 DIM Z(1000),T(1808),R1OO0).W100.
2025 DIM I$C80],R8C802
2030 INPUT "ENTER LOWEST AND HIGHEST DATA POINTS FOP PLOT EXPANSION 'PIP2',PI
0P2
2040 HNABS(P2-P)*1
2e50 REDIM Z(H),T(N)
2860 FOP 1s1 TO N
2070 Z(I -X(I PI-I)
2080 T(IA-Y.I.P1-1)
2090 NE;T I
2100 ISDSLI-EXPANDED PLOT"
2110 LINPUT "IS THIS A BASELINE CORRECTED PLOT- .M$
2128 IF MICI].3'"Y" THEN GOTO 2175
2130 IF M$I.1-"Y" THEN CALL Printz(CS,IS,Z(*),T(*;,N.
2140 IF MICX,12-lY" THEN CALL Graph2(C$,I$,Z(*),T(*),N,Area)
2141 PRINTER IS 16
2143 PRINT "DO YOU WANT TO INTEGRATE THIS EXPANDED PLOT USING ANOTHER BASELINE
CORRECTION'"
2144 LINPUT NS
2145 PRINT PAGE
2146 IF NSCI,12,"Y" THEN GOTO 2170
2147 INPUT "ENTER THE DATA POINT NUMBERS (new list) FOR ORDINATE POINTS ",P3,P4
2149 Mx-P4-P3+1
214? PEDIM R(Mx),W(Mx)
21530 PRINT USING 2152;Mx
2152 IMAGE "USE I AND ",DDD," FOR INTEGRATION LIMITS"
2153 FOR K-I TO Mx
2154 R(K)-2(KP3-I)
2155 WM% 'TtK*P3-1)
2156 NEXT K
2157 RSI"Expandd plot: Arbitrart, Bsline correction for curve integration."
2158 S1op2(M(M)-M(1fl/R(M.-RcID
2159 Db.M(1)
2162 FOP K-I TO Mx
2163 W'K)SM(K)-Slope2*(RfK)-RtI))-8b
2164 NEXT K
2165 CALL Gr&ph2(CS,RS,Re*),(*),Mx. Ar.,)
2170 IF MNEI1,1-"Y" THEN SUBEXIT
2175 CALL Graph,'CS,l$,Z*),T(4).N1
2180 SUSEXIT
2195 SUIEND
2193 SUB TransfcrFS,GS.Xe),Y(*iN
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2Z 0 OPTION BASE I ' Linear baseline correction for 2 ,riable plots.

2210 :M YnewiN)
122 INPUT "ENTER POINT NUMBER TO BEGIN PASELINE CORRESTION",Qp"t

2215 DIM HSECO]
Z20 Sm.(Opt Y(Qpt 1)+'.(Opt+2.3 ' Rverage three points
22e Y(YN'+Y(tN-I)+Y(N-V?)-3 I for slope calculation.

2,50 CP I1- TO N
2246 ,new(I l,=I )-S$Iope.-X I)-X( I)-S
2270 NE:XT I
2280 HS-G$t":Linar baseline correction"

2290 --ALL Graph2(FN$,$X(*),Ynewa*),N,Rrea)
2330 LINPUT "DO YOU WANT THE PLCT EXPANDED",NS
2335 IF N$[1,1Th' THEN CALL E*pndF$NSX(*),,'new(*))
2340 SLBEXIT
23Y0 SUBEND
2400 DEF FNMa:abs(A(*),N)
2410 Ma. ABSP-1))
24Z3 FOP 1=2 TO N
24-..' :vF E~I': THEN Mtx-ZS(AkI
2440 r4EXT I

2441 RETURN Ma,
2442 FHEND
2450 DEe FHMinkBk.',N,
246 Mln-B, )

2470 FOR 12 TO N
2400 IF tI)PrMi, THEN MiBnIs
2490 NENT I

2500 RETURN Min
2510 FNEteD
2608 SUB Graph2tA$SE:* ,..Y(*'N, Intcgral)
2600 SPITRI
2601 OPTION EASE 1
2605 PPIr4TEP IS 0

2610 INPUT "ENTEP PLOTTER CODE: I=CRT; 2=9872A",Code
2615 IF Code-2 THEN GOTO 2679
2620 PRINT PAGE 'Subroutine for plotting data frct,, an :f-Y plotter
2630 PRINT LIN)) 'using tre internal thermal printelr.
2640 PRINT AS
2650 PRINT BS
2660 PRIT LINE3S
;i70 DIM CICSOIDSCOOIUz(1088),Vy(100)

2671 REDIM U iN),VykN)
2675 LINPUT "ENTER Y AXIS LAPEL IF OTHER THAN TEMPERATURE (K>",CS
2676 IF ,-"' THEN C$-"TEMPERATUPE k)"
Z677 LINPUT "ENTER Y A:IS LABEL IF nESIRED".D$
267: IF Dfl"" THEN DS-"Relati'e Millivolts"
2680 F-FNMa>&ts<(e),H)
2690 B->N)-XUI)
2700 A-F
2710 LItPUT "DO YOU WANT A MAXIMUM Y USED FOR THE GRAPH IHSTEAD OF THE CALCULAT

ED MAXIMUM,JS
2728 IF )$C1,L2"Y" THEN INPUT "ENTER Ymax",H
2740 IF J$tI,I]h"Y" THEN A-H

2750 IF Code-I THEN PLOTTER IS "GRAPHICS"
275! I

r 
Code-2 THEN PLOTTER IS 7,5,"9072A"

2, ;RARPHICS
2770 LOCATE 15,90,15,75
2,30 :CALE "1X)-.
2790 AXES B'4,AIl0,X(1),0
2*00 MOVE X(I),Y(I)
2a10 FOR 1.1 TO N

2*20 DRAW X(I).Y(I)
2S30 NEXT I
2*40 PENUP
2800 LORG 6

2S90 FOR !-:<,I' TO X(N) STEP 3 4
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200 MOVE 1,-A 166
2910 LABEL USING 293011
2920 NEXT I
2930 IMAGE DDD
2940 LORG 8
2950 FOP I=-A TO A STEP A/10
2960 MOVE -B'100+X(1),l
2970 LABEL USING 23901
2980 NEXT I
2990 IMAGE MDD.D
3000 LORG 6
3010 MOVE '2.(1.-A'15
3020 LABEL TRIMSkCS)
3030 LDIR PI 2
3848 LORG 4
3050 MOVE -810+XI),A 2
3060 LABEL TRIM(DS)
3862 LINPUT "DO YOU WANT TO INTEGFATE RAFT OF THE C.E", Cf
3065 IF Otti,13'.;", THEN GOT 1085
3066 INPUT "ENTER BEGINNING WhD ENDIG DATA P;IrT NU.'UEF', FF01 NE.. 3E- IF E
DED ",Star ,Finish
3067 REDIM UxKFinish-Start+1\.V',(Finsh-Start+l
3068 =1
3869 FOR I-Start TO Finish
3070 Ux(J)=X(I)
3071 Vy(J3)Y(1)
3072 MOVE X(I),Y(I)
3073 DRAW X(I),0
3074 PENUP
3075 JJ+1
3076 NEXT I
3077 Epalons1E-6
3078 CALL In'un(3-1.Ep$in'J" ','/',Intgral
3079 PINT USING 368&3U:1.,,LI-( -I', pra1
3080 IMAGE "THE AREA REPRESENTED B'. THE SHADED ,EGC:" iETJEE'. C0O'AI4 Q E "
DDDD.DD," AND ",DDDD.DD," IS ",MD.DLDE
301 PRINT LIN(2J
3085 LINPUT "DO YOU WANT GRAPHICS FPINTOUT VIA THE THEFMAL :rTE:'.LS
3090 IF (L#III]J"Y") AND (CodeV- THEN DUMP GRAPHICS
3095 EXIT GRAPHICS
3100 GCLEAR
3118 SUBE7XIT
3120 SUBEND
3130 SUBErn~AS v)',N
3140 OPTION BASE I
3150 PRINT PAGE
3166 PRINT "DATA POINT RENUMBEFING FOR BASELI,E OPPECED. E:?FANEED FL::'
3170 PRINT AS
310 PRINT B
3190 PRINT
3200 PRPIT "DOMAIN .)ALUE RANGE VALUE NEW DATP POINT NUMER"
3210 PRINT
3220 FOR 1-1 TO N
3230 PRINT USING 2256:X'1, 11.1
3,'40 NEXT I
3250 IMAGE DDDD.DD:;'X;,'4; :;: NN:. 3DD.D :.X ::; K<',:.D:, DD

3260 FPINT LIN(6'
3270 SUBEXIT
3280 SUBEND
3460 SUS Intun N.EpsX(e).Y(*),Int) C Ou4bic Spline Irtgra or
3490 Baddtas(N'3' OR .I)-X(N) OR 'Eps 0)
3490 IF Baddta-6 THEN 3600

3520 PRINT LIN(2',"EPROR IN SUBFOCRPM Intun."
3530 PRINT USING 3546;N.Eps.X,)1I,;Nt
3540 IMAGE 'N'",DDD,5,"Ec -. C.6DE, . "' .1 ",M.iE, ,"'*'=":. DE.
3550 PAUSE
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iSC:O GOTO 3480
3600 OPTION BASE I
'0610 DIM 8t,2:N-1 ),StrD ,GC 2:N-1.
36-:0 FOR 1-2 TO N-I
36380 N=:x 1+1,-X(I-I)
2640 X=X(1I)-.XC I-1

36bE.0 T t(YI I*-W -+N I+)~. I-A~Y I- * hH
36710 $BI)=2*T
3638 GCI>-3T
3690 N4EW T I

3728 W=3-4*$QR(3?
3740 IJ=0

3760 FOR 1-2 TO N-I
3778 T='G('EI.(-I.t''~I*.*
3788 H-AES T)
388012 IF HNW THEI. U-H
3828 S .-
3830 NEW+TI
3850 IF U,-Eps THEN 3740
38R60 1nt80
3928 FOR 1-1 TO H-1
39,30 N-X(II)-X(I'
3940I Irtslnt+(.3*H*(Yi )+Y(1tl --I.2:443*:.I'+S-I1.;1
3950 NENXT I
3968 SUBEf4D
48830 SUB ieiaA.SMt N.Ares- IN:r;:'lher..kI DSC 'llrnef ic
4810 OPTION BASE 1
4815 ON ERROR G;OSUEB Trip
4820 DIN Logi(N,Frict,4N;Tet,;-N)A4:N ,DN !ffr'5H. N,
4038 C4LL Rit~5B,''Y*,.
480 PRIN HT PAGE
4850 PRINT LINW2
4068 PRINT "I
4070 PRINT ES
4880 PPLNT VKi net Ics de4t 0rm in&v',o n
4898 PRINT
4100 PRINT "T em K) IpT Aria Fra~t. LN'.,rd ir~. elfat. 4P
ate PtS*.
4I118 PRINT
4130 MAT Temp-(11.X ICalcu'ati 1T-Kl
4132 FOR 1-1 TO N 'INSURE NC,'4 NEGATV*E ARGUMENT
4134 IfYK 1 THENl COTO 4148
4136. Lcgd, lPLOGQ( I
4138 COTO 4145
4140 Logd'I)-8
4145 NEXT I
4188 FOR 1-1 TOS3 'SET UP ARRAY'S
4198 C(I',.X'I
4288 DIl).Y(I)
4218 NEXT I
4220 Epsrion-IE-6
4238 FOR 1-4 TO N )CALCULATE PARTIAL A

0
EAS

4235 REDIM CklI,D41I
4248 C,'I)-XCI)
4210 D(I)aY(Ii
4271 CALL ItnIEslnC)D*,bta ra
42e13 Fract (I)-Flartia raAe
42S95 DISR Partial a-aFractd .1
4;.51 NEXT I
4300 FOR 1-5 TO N

43128 NEW:T I
43S0 FOP It5 TO N
4S40 PQINT USING 4368>. I .TetI~g).F-bc~,Lz;tI,'-c(I
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4350 NEXT I
4355 PRINT
4Zj60 IMAGE DDDDXX: X, D. LDEX. X, Z. DD2XX>xMD. DLz" ;~XX .DEK%..tO
4370 ! PLOT flract -.vs Fract AND CHOOSE LINEAR SECTION FOR vINETICS
43SO PRINT PACE
4390 PRINT LINW3)
4400 PRINT "Kinetics plot of dx,/dT vs A. x - fraction dCccmpoJed"
4410 PRINT LIN(3)
4440 C-FNMay(Dfract(*),N)
4450 DxFNMiny(Dract(*,N)
4468 E=.1
4470 F'C-D)'10
4475 INPUT "ENTER PLOTTER CODE: 1CRT; 2m9S72A",Cod
4480 IF Code-l THEN PLOTTER IS "GRAPHICS"
4485 IF Codea2 THEN PLOTTER IS 7,5."9$72A"
4490 GRAPHICS
4588 LOCATE 15,90,15,75
4518 SCALE O,1,D,C
4520 AXES .2,2*F,8,D
4530 FOR 15 TO N
4540 MOYE Fract(I),Dfract(I)
4550 LABEL " "

4560 NEXT I
4570 LOPG 6
4580 FOR 180 TO I STEP .2
4590 MOVE ID-.I*F
4608 LABEL USING "Z.DDD";l
4610 NEXT I
4620 LORG 8
4630 FOR l-D 2*F TO C STEP 2*F
4648 MOVE -. 01,
4650 LABEL USING "D.DDE";I
4660 NEXT I
4670 LORG 6
4680 MOVE .5,D-.3*F
4690 LABEL "Friction Decomposed"
4700 LDIR PI/2
4710 MOVE .025,D 5*F
4728 LABEL "Relative Rate"
4730 LDIR 8
4740 PAUSE
4750 IF Con-I1 THEN DUMP GRAPHICS
4760 GCLEAR
4770 EXIT GRAPHICS
4788 PRINT PAGE
4798 PRINT LIN(2)
480 PRINT "LINEAR REGRESSION ANALYSIS OF DATA"
4810 PRINT LIN2)
4828 INPUT "ENTER SEGINNING AND ENDING POINTS FOR CALCULATION",Dsgin.End
4830 Pts-End-egi n1
4840 REDIM T2kPts),P2(Pt>
4850 IMAGE "Plot is between temperatures ",93." and ",btDD," Kelvin"
4868 FOR 1-I TO Pts
4861 T2(I)sTemp-,eRln4I-I)
4862 F2tl)ILogd(Degin+I-1,
4965 NENT I
4966 PRINT USING 4850;1/T2(t),c,T2(Pts)
4878 PRINT
486 CALL Litear(T2(.),F2.*),Pts,A,B,CO,C1,C2.C-.C4,CS,C6,C7,C0,C,V-

"I 4990 PRINT USING 4900;-*l.SO?2ACtiv&tion energ- n :l.'mole
4995 PRINT USING 4905;v
4900 IMAGE "Calculated acti"-a icn energv (linear regr*ssion) is ",D.DDE, cck'

4985 IMAGE "Mean slope variance i ",l.DDDE," cal'mole"
4910 PRINT LIN(3
4920 ::ta,FHMIx2' Tt *,1P,s' )
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4930 :MinSFHMinZ(T2'*".l,PtI'
4940 ft.&:FNMtZ( F2(#'.I.PtS )
4950 v;'nn.FHMin2'F2(*), 1. Pt5)
4960 Eu' Xma,-Xm In),'10
4979 FsI'?aat-Ybin'1O
4988 IF Codeel THEN PLOTTER IS 'RPIS

4985 IF Code-2 THEN PLOTTER IS
4990 GRAPHICS
5000 _OCRTEj59,,?
5618 SCALEXsiiair.rt
5620 AXES 24E.2*F.Xrin.Vmif
5036 FOP 1-1 TO Pts
5840 MOVE T2(1 .F2(I)
5958 LABEL "+"

5860 NEXT I
5078 FO. 5,1 TO Pt;
5880 F2;j'sP4T2:(J)4A
5090 NEX.T 3
5095 MOVE TZZ41',F2(1?
5160 FOR J-2 TO Pt;
5t16 DRAW rz,J,F2c,/
5120 NE'<T 3
5140) LORG 6
5150 FOR I-Xmln TO X,;STEP z.*E
5160 MOVEI,?n-1F
5170 LABEL USING "D.DDD";I41000
5160 HE,CT 1
5200 LO#G S
5210 FOR 1.VmintZtF TO Vt.;-' STEP 2*F

5U28 MOVE Xmin-.04*E,I
5230 LABEL LSING "MD.DDD"I;I
5248 NEX T 1
5250 LOPG 6
52.69 MOVE Xtrain.5.E,rmin-r
52'70 LABEL "IA(&K) ,2000"
5269 MOVE Aiin,.44E.'rmlntS'F
5290 -.DIP P1-2
5398 -ABEL "In (dl;platcement)"
5318 ;AUIE
5328 IF Cod.-1 THEH DUMP GRAPHICS
5330 GCLEAR
5340 EXIT GRAPHICS
5344 LINPI!T "DO YOU WANT TO REPEAT THE CALCULATION'P",RtPthtS

5.345 IF Rcpcat$C1,IJS"Y" THEN GOTO 4788

53,56 SUIEXIT
5351 Trap: DISP EREMS
5352 PAUSE
5355 COTO 4640
5360 PEF FHM;Ay(x(*'.N'
5378 Max',*/(5)
530 FOP Im5 TO H
5390 IF X(I.) Maiv THEN fa.(
5466 HEX? I
5416 RETURN Moxv
5426 FHEHD
5436 9fF FNMsny(X(*YH)
5446 Minv.XeS)
5450? FOR 1-5 TO H
5466 IF X(I)<HIny THIN Miny.X'I'
5470 NEXT I
54S0 RETURN Mnity
5490 FNEHD
506 SUIEHD
5766 SUBLnarX'.

t.
*, 3 0 0 5 p 5 *t,,,@tdtSDgDf( -
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5710 I .;9MODEL:Y VA.D.X .
5728 ON ERROR GOTO Dcmb
157 20 Abor' -0

5750 FOP 1-1 TO N
3768 .X1 +X( I. SUm of X's
5778 1-1WI Sum of Y.s
537880 2x+(IetI Sum of X squares
5790 e2.(2+?'eI>CY(I) ISum of Y squares
58083 2s.+X..I)eYdI) ISum or XV's
5810 NEX~T I
5820 X1-MI.'N Mean X
502?0 V1-Y1 N IMean V
5840 3- Z-H4x1tY1 )/(X2-N*.XI*Xi)
5858 A-Y1-B*cM
5860a Total &as-Nc-H tcft ITotal Sum of Squares
5870 Regzs.>'ZN-UcY1)"2(X2-N*McIX1)! Regression Sum of Squares
3880 1cs-oss-es Residual Sum of Squares
5898 R~gms.Pegss Regression Meanl Squares
5900 Resma-Resss -a -) Residual Mean Squares
5905 Variance-SQR(Resms/(<XZ-N*X1Cx1)) I Slope Variance
5910 OFF ERROR
5928 DEFAULT ON
5930 F-Regms/Resms F Ratio
5c.48 DEFAULT OFF
5950 Dfregl I Degrees of Freedom
5968 Dfres-N-2
53970 Dftot -Dreg+Dfres
5988e SUDEXIT
39 90 Bomb: Abort-I
i5808 SUDEND
6818 DEF FNMIA2((c,A,3)
.5828 Mas2-X(A)
6838 FOR I-A.1 TO R
6848 IF MCI' Max2 THEN Max2-X(ID
6850 NEXT I
6060 RETURN Ma'2
dr-e FNEND
688 DEF FNMin2(X(*),A,5)
6890 Min2-X'A)
6108 FOR leAdl TO S
6118 IF Xd1),M~n2 THEN Min2inX(I)
6120O NEXT
6138 RETURN Min2
6140 FNEND
6200 SUB oyoil(.e, )NDgeofsceses.o lsRgsRas
F, Dire*D res,Df totAbort)

6210 ON ERROR GOTO Bomb
65220 Abort-S
6238 OPTION BASE 8
6,248 DIM Msatr i xdDegree .Degree)>, Inv(Degree, Degree',lP(Degree)
6258 REDIM CoeffstDegrec)
6260 IF DegreeH,-2 THEN SUSEXIT ICheck for higher degree than poss'bie
6278 Dfreg-Degree
6200 Dfres-N-1-Degree
62?8 Dftot-Dfreg+Dfres
6.SS20 FOR K-S TO Degree goSt up system of equations
6318 FOR ins TO Degree
6328 Matrlx(K.S)89
6230 FOR 1-1 TO N
6348 Maktr,'K,J)-NiatrlxkK,l.FGKleF4G( 3)
6250 NEXT I
6360 Mm'ri <J.k)nMatrix(K,S)
6370 rIE:.T I

6S90 FOR 1-1 TO N
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6400 3((K.D(K)+Y(I'*FNGK.
6410 NEXT I
6420 NEXT K
6430 MAT Inv-INV Matriy) Solve the Sy"Stem of Equations
6440 MlAT Coeffs.Inv*3
6450 FOR 1-1 TO N
6460 XINXI+X(1)
6470 X2-X2+X(I)*X(I)
6480 YlfYI+Y(1)
6490 Y2&,'2.Y(I)*Y(I)
6500 Z2+X(I>CY(I)
6!10 NEXT 1I
61520 YI-Y1,'N
6530 X>UX1.N
6540 Totalss-Y2-N*Y1*YI Total Sum or Squarei
6550 GOSUI Regs Regression Sums of Squares
6560 Fesss.Totass-Regss Residual Sums of Squares
6570 RegessRegss Dfreg
6580 Resms-RessDfres
6590 OFF ERROR
6680 DEFAULT ON
6610 F.Regas< Resms
6620 DEFAULT OFF
61;39 SUDEXIT
6640 Regasl RegssO
6550 FOR I-1 TO N
5660 J-0
are0 FOR L-0 TO Degree
6680 JaJ*X( I )ILeCoeffs(L)
6690 NEXT L
6700 Regss-Regss.kJ-Y1 ^2
6710 NEXT I
6720 RETURN
6738 SUSEXIT
6748 DEF FNG(M)aXkI)",M
6750 Bomtb: Abort-I
6760 SUIEND
6770 SUR Quad(X(eJ,Y(e),Z)
6700 PRINT LIN(2)
6705 OPTION 3ASE I
6790 DIM A()
6800 CALL Polynomial (X(*),Y(eY,Z,2,AC*),CO,CI,C2.CS,C4.CS,C6,C7,CO,C9'
6810 PRINT USING 6820;-Ac2)*1.9072,A(I).1.9072
6811 PRINT A<3)
6620 IMAGE "THE QUADRATIC COEFFICIENTS ARE ",MD.DDE," and ",MD.DDE
6038 PRINT
6840 SUDEXIT
658 SUBEND
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NOMENCLATURE

A Total Area
a Partial Area

D(t) Ordinate Deflection
E* Activation Energy

f(x) Algebraic Function of Fraction Reaction
G Gibbs Free Energy
H Enthalpy

K(T) Equilibrium Constant
k(T) Rate Constant

R Universal Gas Constant
T Temperature

T M  Temperature of Maximum Exotherm
t Time
X Fraction Reacted
Z Preexponential Factor in Arrhenius Equation
* Heating Rate
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